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Lines and equipment. 


The system operated by the Italian State 
Railway Administration extends to-day to 


a total of 16600 km. (10314 miles), of—- 


which 730 km. 
gauge. 

The construction of the aie involv- 
ed considerable technical difficulties ow- 
ing to the geographic and geological con- 
formation of the country. The great dif- 
ferences of level increased the cost of 


(454 miles) : narrow 


construction, as it involved increases in 
Jength, the building of bridges, tunnels, 


viaducts, and works of protection. 


To give some idea of the difficulties of 
operating the Italian system, it may be 
pointed out that the ratio between the ac- 
tual work required to haul the trains and 
that which would be enough to operate 
the same traffic on level lines is as 130 
to 100. 

‘In addition, the total length of line in 
tunnel is about 850 km. (528 miles) [on 
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the Spezia-Genoa line, 88 km. (55 miles) 
long, 47 km. (29 miles) are in tunnel]. 

The total number of bridges exceeds 
10 000, of which 4 600 are metal, and the 
others masonry or ferro-concrete. 

The present system, which is reason- 
ably uniformly distributed throughout 
the different parts of Italy, in relation to 
the population [per 10000 inhabitants, 
there is 4.9 km. (3 miles) of lines in the 
North, 5.5 km. (3.4 miles) in the centre, 
5 km. (3.4 miles) in the south, and 
5.9 km. (3.7 miles) in the islands] has up 
to the present met the traffic require- 
ments. It has, however, been recognised 
that a number of improvements was re- 
quired to better meet the goods and pas- 
senger traffic requirements, and also to 
assist in competing with other more mo- 
dern forms of transport. 

We will give here a review of the dif- 
ferent measures that for some time have 
been the object of careful investigation, 
and which to-day are being put into oper- 
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ation as a result of the vigorous impulse 
the Fascist Government has given to the 
whole life of the nation. 

We have provided, and continue to pro- 
vide, for the construction of new lines 
which should, in particular, favour the 
longitudinal: traffic, the most important 
on our system owing to the long narrow 
formation of the Italian peninsula. 

During the year 1924, the Bologna-Ve- 
’ rona line was completed, whereby new 
and quicker communication between the 
centre of Italy and the south on one side, 
and with the Brenner and Southern Ger- 
many on the other, was given. 

In October 1927, the direct Rome-Na- 
ples line (215 km. = 133.6 miles) was 
opened to working, which although the 
actual distance between the two cities 
was only reduced by 33 km. (20.5 miles) 
as regards the old line through Cassino, 
has given great advantages as a main line 
for heavy traffic. It has been built with- 
out level crossings, has no gradients ex- 
ceeding 1 %, nor curves of less than 
800 m. (40 chains) radius (the line 
through Cassino has gradients of up to 
1.7 % and curves of 500 m. [25 chains] 
radius). 

It has been possible to run very fast 
trains over this section taking two hours 
and 50 minutes, whereas over the old line 
the express trains took four hours and 
15 minutes. 

The new line which at present termi- 
nates at Naples-Mergellina, in the centre 
of Naples, is principally used for passen- 
ger traffic. There is, however, under con- 
struction a branch between Villa Literno 
and Aversa station on the Naples-Foggia 
‘line, which will enable passenger and 
goods traffic to get into the Naples cen- 
tral station also by the direct line and 
then to go forwards directly towards 
Southern Halts 


Other new lines of a length of 550 km. 
(342 miles) including 100 km. (62 miles) 
narrow gauge are in construction. 

Among the standard gauge lines, parti- 
cular mention should be made of the i in- 
ternational Cuneo-Vintimille line which 
runs partly through French territory. 
Two sections are in use — the first and 
the last — from Cuneo to S. Dalmazzo di 
Tenda (60 km. — 37.3 miles) and from 
Vintimille to Airole (142 km. = 7.5 miles). 
During the current year the central sec- 
tion will be opened (25 km. = 15.5 miles) 
between Airole and S. Dalmazzo, (20 km. 
— 12.4 miles), being in French territory. 

On the French section the international 
station of Breil has been built and from 
it the new branch between Cuneo and 
Nice (60 km. = 37.3 miles) is being built. 
The branch for a short distance (entirely 
under tunnel) passes through Italian ter- 
ritory, and the remainder runs over 
French territory. The whole of the Cu- 
neo-Vintimille line will be operated by the 
Italian State Railways and will be electri- 
fied with low tension three-phase ‘current. 

The Breil-Nice section will be operated 
by the French Paris, Lyons, and Mediter- 
ranean Railway, and will also be electri- 
fied. 

Another very important line under 
construction is the through Bologna-Flo- 
rence railway which has been re-aligned 
between Bologna and Prato, whilst using 
between Prato and Florence the section 
— double track — of the present Bolo- 
puahorenas -Florence line. 

The new line will very greatly relieve 
the present Porrettana line which was 
built 64 years ago in accordance with the 
practice of that time, and could no longer 
meet the present traffic requirements, 
although its capacity had been increased 
by its recent electrification. 

The said direct line, which will have 
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the physical characteristics of the main 
lines, has also great technical interest on 
account of the long tunnel through the 
Apennines. 

This tunnel will be one of the greatest 
works on any railway in the world, both 
for the length (418.5 km. = 11.5 miles) 
and for the difficulties its construction 
involved as it had to be drilled through 
soft rock which involved linings and pro- 
tection works of considerable thickness. 
The tunnel was started both at the two 
ends and at intermediate points by means 
of inclined shafts. The width of the tun- 
nel is (for a double track line) 8.57 m. 
(28 ft. 1 1/2 in.), but the centre section 
is enlarged to 15 m. (49 ft. 2 1/2 in.) to 
provide for an intermediate station with 
two passing lines. 

The other standard gauge lines in con- 
struction are: Fossano - Mondovi - Ceva 
(37 km. = 23 miles); Ostiglia-Treviso 
(417 km. = 72.7 miles); Sacile-Pinzano 
(67 km. = 41.6 miles); Vittorio Veneto- 
Ponte nelle Alpi (26 km. = 16.2 miles) ; 
the centre section of the Aulla-Lucca line, 
2. é., the section from Monzone to Castel- 
nuovo di Garfagnana (27 km. — 168 
miles) ; and others less important. 

All the narrow gauge lines in construc- 
tion form part of the secondary system of 


‘Sicily. 


On the lines in operation, the Adminis- 


tration of the State Railways is pressing . 


forward the works necessary to complete 
double tracking the principal arteries. 
During these last years important sections 
have been completed. 

In particular we may note ; the last sec- 
tion between ‘Giuncarico - Montepescali 
(which was wanted to give double track 
the whole length of the important line of 
the Maremma between Leghorn and 
Rome) and the section Zoagli-Camogli 
(wanted to give a double track line be- 


tween Genoa-Sestri Levante). To complete 
the double track on the whole of the trunk 
line between Rome and Genoa, there is 
still about 40 km. (25 miles) to be done 
between Spezia and Riva Trigosco, which 
is actively in hand in spite of serious dif- 
ficulties owing to the large number of 
tunnels and viaducts. 


On the dorsal line, Rome-Florence also, 
work is in hand on double tracking a sec- 
tion of 50 km. (34 miles) where single 
track still exists, and which has special 
difficulties. 


When the laying of these double lines 
is completed, and the direct Bologna-Flo- 
rence line is opened to traffic, we shall 
have an uninterrupted line from Naples 
to Milan capable of dealing with heavy 
traffic, and which will enormously assist 
the development of traffic between the 
north and south of Italy. 


The express trains will then be able to 
cover the 850 km. (528 miles) between 
Milan and Naples in 411 hours. 

Quite recently double track has been 
laid between Aversa-Casoria-Naples which 
will form part of the avoiding line Villa 
Literno-Naples of the new Rome-Naples 
line. ; 

On the Adriatic coast line, there is now 
double track between Bologna and An- 
cona, and on the short sections which are 
quite close to the most important centres 
of Foggia and Bari. Work is now in 
hand on the following sections : Anco- 
no-S. Benedetto del Tronto (83 km— 51.6 
miles), Foggia-S. Severo (28 km. = 174 
miles, and Barletta-S. Spirito-Bitonto (45 
km. — 28 miles), as well as on other 
sections of less importance, amounting in 
all to 200 km. (124 miles). 

_ When these works have been completed, 
the double track lines of the State system 
will have a total development of about 


. 
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4000 km. (2485 miles), that is to say, 
25 % of the whole system. 

' Another important problem in course 
of solution in order to modernise the Ita- 
lian lines is the strengthening of the per- 
manent way and of the metal bridges. 

As regards the permanent way, the lines 
of the Italian State system may be taken 
as having, as a general rule, rails weigh- 
ing 36 kgr. per metre (72.57 lb. per yard) 
with 14 sleepers per each 12 m. (39 ft. 

4 1/2 in.) rail. In this way they can 
carry a maximum weight of 15 metric 
tons (14.76 English tons) per axle. 

In.order, however, to meet the latest re- 
quirements of the traffic department, 
more powerful and faster locomotives, 
with weights exceeding 15 metric tons per 
axle, have to be used. It has been neces- 
sary to make provision for strengthening 
the track on some sections by increasing 
the number of sleepers (16 or 47 per rail), 
and on others by using another and hea- 
vier pattern rail [of 46 kgr. (92.73 lb. per 
yard) on level sections, and 50 ker. 

(100.80 lb. per yard) on gradients and-in 
tunnels]. The works programme to be 


' completed as quickly as possible includes 


the strengthening of the permanent way 
on 10000 km. (6214 miles) of single 
track, and the renewal of the rails on a 
further 10 000 km. (6 214 miles) of track. 

On the strengthened lines, which at 
present amount to 6 000 km. (3 728 miles) 
the maximum axle weight can be 16.5 me- 
tric tons (16.25 English tons). On track 
with heavy rails 20 or 21 metric tons 
(19.68 or 20.67 English tons) can be al- 
lowed. These rails to date have been laid 
on the Milan-Venice, Milan-Bologna-Pis- 
toia, Milan-Genoa, Genoa-Leghorn, Chiu 
si-Rome-Naples lines, as well as on other 
sections having a total length of about 
5 000 km. (3107 miles) of single line. 

In order to allow modern locomotives 


of heavy weight and high speed to be used 
on the most important lines of the Sys- 
tem, the renewal of metal bridges (which 
number about 4600) has been energetic- 
ally taken in hand. 

The bridges which have been, or which 
will shortly be, systematically strengthen- 
ed by replacing the old structures by new 
bridges of steel, reinforced concrete, or 
masonry, number about 400 with a total 
length of nearly 10000 m. (32 800 feet). 

On the Battipaglia-Reggio Calabria line 
alone, 26 large bridges have been renewed 
as well as many other smaller ones. 

Very important works have also been 
carried out in extending passenger and 
goods stations at the principal centres. 
Only the most important need be recalled 
here : the new station at Milan, of which 
the approach lines are completed, and 
the work on the monumental passenger 
station and the other large buildings, all 
metal, over the platforms, having an area 
of 66500 m? (715800 square feet): the 
largest railway platforms in Europe, is 
being pushed forward. 

The improvements at Turin include the 
lowering of the level of the rails (to faci- 
litate traffic in the city) and the new 
goods station at Vanchiglia. 

At Florence, after improving the line 
towards Leghorn and the branch between 
Rifredi and Le Cascine, and having en- 
larged these two stations, the locomotive 
shed which was near the Santa Maria 
Nuova station has been removed to II Ro- 
mito. The said station will be altered so 
as to better meet traffic requirements and 
to bring the buildings into line with the 
artistic requirements of the city. 

As has been done at Florence, in other 
important centres (Bologna, Leghorn, 


Foggia, Bari, Benevento) the locomotive 


shed has been, or will be, removed. In 
this way the land required for extending 
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Fig. 4. — Plan of the Porrettana line and of the Bologna-Prato direct line 
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the station is made available, and at the 
same time the requirements of the Run- 
ning Department, which, owing mostly to 
the extension of electrification, have be- 
come much greater, can be met. 


Electric traction. 


During these latter years electric trac- 
tion has been considerably extended. 

As is generally known, the first lines 
were equipped in Italy im_ 1901-1902, 
using continuous current and third rail 
on the Varesine line (73 km: = 454 miles) 
and three-phase on the Valtellinesi lines 
(106 km. = 66 miles). From that period 
up to 1923, 550 km. (342 miles) had been 
electrified on the three-phase system, 
amongst which the very important tun- 
nels of the Giovi and the Mont Cenis and 


Fig. 6. — Station buildi 


the Savona-Ceva line. In a period there- 
fore of about twenty-two years, a total 
length of 730 km. (453.5 miles) of track 
had been electrified. 

From 1923 to the present time, the lines 
electrified have been increased by more 
than 450 km. (280 miles), and at the pres- 
ent moment about 450 km. (280 miles are 
being converted. 

Amongst the last lines electrified should 
be noted the Genoa-Spezia-Leghorn, and 
the Porrettana lines. With the comple- 
tion of the first, a trunk line for heavy 
traffic is available between Leghorn and 
Modane, which is the longest line electri- 
fied in Europe (450 km. = 280 miles). 
It has been possible to obtain thereby a 
considerable increase in traffic capacity 
as well as other important advantages, 
such as an increase in speed, absence of 
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y station at Milan. 


smoke, much appreciated by passengers 


over this line on which there are many 
tunnels. Anyone who had gone over the 
Genoa-Spezia line several years ago would 
now find the journey, then very trying — 
especially in summer — had become a 
real pleasure as the splendid scenery of 
this section can now be freely admired. 

The electrification of the Porrettana 
line (Florence-Bagni della Porretta-Bolo- 
gna) 132 km. (82 miles) of single track 
with very severe gradients has enabled the 
working of the line to be greatly improv- 
ed, and its capacity increased whilst wait- 
ing for the opening of the new Bologna- 
Florence line, which will also be electri- 
fied. 

Electric traction with continuous cur- 
rent and third rail, as used on the Vare- 
sine lines has also been applied to the 


last section of the direct Rome-Naples 
lines, that is to say, from Naples to Villa 
Literno, where an intensive service of 
trains, metropolitan type, has been organ- 
ised. 


On the whole of the Rome-Naples di-: 


rect line, continuous current traction at 
3.000 volts and overhead line now being 
tested on the Benevento-Foggia line, will 
be used. 

The three-phase system, which has met, 
and still meets, verv well the traffic re- 
quirements on lines with very heavy gra- 
dients, is at present used on the Sampier- 
darena-Ovada-Alexandria (75 km. = 46.6 
miles), Bolzano-Brenner (90 km. == 56: 


-miles), and later on-will be used on the 


Savona-Vintimille, Cuneo-Vintimille, Vo- 
ghera-Milan, Parma-Spezia and Pisa-Pis- 
toia lines. In this way there will be a 
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Four cylinder superheated compound with Caprotti valve gear. 
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747 type locomotive of the Italian State Railways (1926). 


Fig. 8. 


Weight in working order including tender 144 tons (144.7 English tons). 
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homogeneous system of about 1500 km. 
(932 miles) in Piedmont, Liguria and 
Tuscany. ; 

It is interesting to note the other sys- 
tem being tried on the Rome-Avezzano- 
Sulmona Tine, namely, the three-phase at 
industrial frequency (13 periods), ), the ob- 


_ ject of which is to see if there is any ad- 


vantage to be gained by including the dis- 
tribution of energy for traction purposes 
in the distribution of energy to industrial 
undertakings. 

Including the lines under conversion 
and those which will be electrified, ac- 
cording to the programme, the total 
length of lines worked by electric traction 
on the State system will soon be 2 000 km. 
(1243 miles), whilst on the railways 
operated by private companies, there are 
another 1000 km. (621.5 miles) electri- 
fied. 

In view of the great development of the 


electrification of its lines, the Adminis- 


tration of the Italian State Railways, al- 
though it obtains-large supplies of cur- 
rent from private companies, has consid- 
ered it advisable to build in addition 
some large hydro-electric plants. 

- In the year 1901 the Morbegno Central 
Plant was built to supply the energy re- 
quired by the first three-phase line to be 
built (Lecco-Sondrio-Chiavenna). This 
station is being improved and its power 
doubled, when the annual output will 
reach about 35 million kw.-h. For the 
electric traction of the Turin-Modane 
line, the Railway Administration has 
built the Bardonnechia station, using the 


water from the Melezet and Rochemolles 


torrents. At the present time this plant 


is being enlarged to enable it to supply 


about 50 million kw-h. per annum. 

In the water sheds of the Reno and 
Limentre rivers in the Etruscan Apen- 
nines, the Pavana station is now in 
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operation and gives 12 million kwh. a 
year for the Porrettana line. The power 
stations at Suviana and Castrola are in 
construction with reservoirs of 40 and 30 
millions of cubic meters (8800 and 6 600 
million gallons) and dams up to 90 m. 
(295 feet) high and will give 85 millions 
of kw.-h. per annum. 

Another large hydro-electric station 
built by the railways is that of the Sagit- 
tario close to Anversa-Scanno. It pro- 
duces about 60 millions of kw.-h. a year 
for operating the electrified Rome-Sul- 
mona and Benevento-Foggia lines. 


Rolling stock. 


In addition to the betterment carried 
out on the lines and the stations the State 
Railways have also given attention to the 
improvement of their rolling stock. The 
existing stock which still suffered from 
the damage caused during the war has 
been repaired on a large scale. The stock 
has been increased by building new vehi- 
cles of modern design. 
~ Since 1923 to date, 650 new locomotives 
and over 20.000 vehicles have been hand- 
ed over to the operating services. 

At the present time 350 locomotives and 
10 000 vehicles are under construction. 

At the beginning of the war, the Italian 
State Railways had in service 5 150 steam 


locomotives of a total horse power of | 


about 3 millions, or an average power of 
610 per locomotive. 

New locomotives designed by the Ita- 
lian State Railways, of 1 000 to 1 200 horse 
power were already in use, and the types 
680 and 685 (2-6-2), 690 (4-6-2) for main 
line passenger trains, 740 and 745 (2-8-0) 
for the goods trains on lines with mo- 
derate gradients, and the 470 type (0-10-0) 
for heavy trains on mountainous sections 
should be recalled to mind. 


These locomotives, though very power- 
ful, have a weight which does not exceed 
15 metric tons (14.76 English tons) per 
axle so as to be able to run over most of 
the Italian lines. The locomotives of type 
690 alone have a maximum axle weight of 
17 metric tons (16.73 English tons), and 
for that reason can run up to 130 km. 
(81 miles) an hour only on certain lines 
having heavy traffic already laid with 
heavy pattern rails. 

The 680 and 470 type locomotives are 
saturated steam compound four-cylinder 
engines. 

The other engines mentioned are simple 
expansion superheated engines. 

Since the War, the State Railways have 
given preference to the 685, 740 and 745 
types. 

The Italian Railways (like nearly all 
foreign systems) found the superheated 
simple expansion locomotive gave better 
results than the compound. 

Tests have also been made with satisfac- 
tory results on the simultaneous use of 
compounding and superheating. 

The State Railways, after the War, de- 
signed further new types of locomotives. 
It has been found that the 685 type en- 
gine, although good in itself, was not pow- 
erful enough to avoid double heading, es- 
pecially on lines with gradients, for the 
passenger trains which to-day must have 
more coaches and run at higher speeds. 

The locomotive of the 690 type was 
better for such work, but as we have seen, 
it could only be used on a limited number 
of lines. The new 746 type locomotive 
(2-8-2) was therefore designed, which 
compared with those of the 690 type, has’ 
a lower coupled axle weight | 16.2 instead 
of 17 metric tons (15.94 instead of 16.73 
English tons) ], has four cylinders, is su- 
perheated and is compounded. It has a 
total weight of 94 metric tons (92.51 Eng- 
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lish tons) and can develop up to 1600 
H. P. instead of the 1400 H. P. of the 
690 type. 

The 746 type locomotive is therefore 
the most powerful locomotive in the State 
Railways’ possession. 

In the same way, in the case of goods 
trains worked over heavily graded lines, 
it has been found necessary to have more 
powerful locomotives than those of the 
470 type, and in 1922 the new 480 type 
was designed and built. The engine also 
has ten coupled wheels like the 470 type, 
but has in addition a leading axle form- 
ing bogie with the leading coupled axle 
(type 2-10-0). 

Locomotives of this type are simple ex- 
pansion, superheated engines, and have 
an axle weight not exceeding 15 metric 
tons (14.76 English tons), and can deve- 
lop 1500 H. P., whereas those of the 470 
type can only develop 1000 to 1 200. 

For mountain lines with moderate 
traffic, six-coupled tank engines were 
used until 1922. After the war they were 
‘unable to haul, unless double headed, the 
heavier trains that had to be worked over 
these lines. Locomotives of this type, the 
940 type (2-8-2) are superheated com- 
pounds and can develop about 1 000 H. P. 

Nearly all the new engines of the Ita- 
lian State Railways have Walschaerts 
valve gear, but in 1924 it was thought ad- 
visable to test the new Italian type of pop- 
pet valve gear, the Caprotti. 

This system has been fitted with satis- 
factory results to nearly 100 locomotives 
of the 685, 740, 746 types, which have 
been given the following new type num- 
bers 686, 741, 747 respectively. 

As regards electric traction, at the be- 
ginning of the war, 100 locomotives were 
in use working on low frequency (16.7 


periods) three-phase current and 50 mo-~ 


tor coaches on continuous current third 
rail. 

There are still 50 motor coaches. The 
number of locomotives has grown to 530; 
they are nearly all three-phase, such as 
the K. 550 type — for heavy trains — ten 
wheels coupled type (0-10-0) developing 
2.000 to 2700 H. P. at 50 km. (34 miles) 
an hour. Other locomotives, for fast 
trains, belong to the E. 830-431 types with 
six or eight wheels coupled (type 2-6-2, 
4-6-4 or 2-8-2) — and can develop 1500 
to 2 700 H. P. at the speed of 75 to 100 km. 
(46 1/2 to 62 miles) an hour. 

The most recent types of electric loco- 
motives now under test are those using 
three-phase current at industrial frequen- 
cy (type 470, 472, 570) for the Rome-Sul- 
mona line, and those for overhead conti- 
nuous current (type 625) for the Foggia- 
Benevento line. 

The locomotives at industrial frequency 
of the 470 and 472 types (2-8-2) can deve- 
lop about 1300 H. P. at 75 to 100 km. 
(46 1/2 to 62 miles) an hour. 

The locomotives of the 570 type are 
much like the 550 type (0-10-0) and de- 
velop about 2700 H. P. at 50 km. (31 
miles) an hour. 

These locomotives will be supplied with 
three-phase current .at 45. periods at 
10 000 volts at the trolley. 

The continuous current over head line 
locomotives at 3000 volts of the 625 and 
626 types have six axles and six motors. 
The motors can be coupled in series or 
parallel to give 9 running speeds. These 
locomotives develop about 2000 H. P. at 
45 km. (28 miles) (625 type), and 75 km. 
(46 1/2 miles) (626 type). 

The gross horse power of the steam and 
electric locomotives of the Italian State 
Railways-is to-day about 6 millions. The 
average horse power per locomotive is 
860. 
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Fig. 44. — New passenger carriage with steel body. 
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The stock of vehicles is at present com- 
posed of : 


9 000 carriages giving about half a mill- 
ion seats; 

150 000 goods wagons of a capacity of 
2680 000 metric tons (2638000 English 
tons) ; 

4 000 goods brakes. 


The carriages are slightly fewer than 
pre-war, but as a result of the increase 
in bogie vehicles, there are more seats. 

The average capacity of the wagons is 
18 metric tons (17.71 English tons), 
whereas in 1913 it was 15.5 (15.25 English 
tons). 

Amongst the most recent improvements 
made in the carriages must be noted the 
construction of steel coaches. Modern 
trains are heavier and faster. Their ac- 
celeration is faster, and braking is great- 
er, and consequently the carriages are 
subjected to greater stresses than form- 
erly. 

As a result, the Italian State Railway 
designed in 1920 a type of carriage having 
the body in steel in a single well-built 
unit able to stand efficiently all stresses 
and to protect the passengers in case of 
accident. ; 

The first 150 carriages of this type — 


_composite first and second class — for 


international service, were put into ser- 
vice in 1923. The practical results were 
good — passengers considered them com- 
fortable and the Company found their up- 
keep less costly. 

Subsequently 300 more coaches of the 
three classes were ordered, and are almost 
all in service, so that the requirements of 
international traffic are amply covered 
and modern stock of a single type is avail- 
able for the most important trains of the 
system. Five hundred additional carri- 


Fig. 13. — Third class passenger carriage for international service (steel framed body). 


Fig. 14. — New goods wagons for carrying food stuffs. 


ages of the same type, first and second 
class, are now on order. 
As regards the wagon stock, important 
: improvements also have been realised. 
There are at present about 20000 goods 
wagons fitted with Westinghouse brakes 
and 15000 others piped only. This has 


} made it possible to form such wagons in 
: passenger trains or to run express goods 
a trains. 

ar The Administration of the State Rail- 
, ways has also designed and built wagons 
F for the carriage of different classes of 
: food stuffs, the transport of which is un- 
: usually important in Italy. 

= 

*: 


Since 1924, 15 000 new covered wagons 
(type F) for the carriage of fruit and ve- 
getables have been put into traffic, these 
wagons being used for other classes of 
goods when this particular traffic falls off. 

The body of these wagons is entirely in 
steel. They have double sides with an 
intermediate space between so that they 
are well insulated. They have 16 shutters 
so that they can either be well ventilated 
or hermetivally sealed, according to the 
class of goods carried. SE . 

A special type (type Hg) of these new 
wagons has been built for the carriage of 
perishable food stuffs, such as fish, fresh 
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and chilled meat, milk, etc. The wagons 
are known as refrigerators, but should be 
considered rather as insulated, as the high 
insulating resistance of the walls and roof 
(lined with water-proof paper and com- 
pressed cork) makes it possible for the 
goods loaded in them to retain the loading 
temperature for a long time. 


Traffic. 


Having considerably improved the roll- 
ing stock and reduced the quantity re- 
quiring repairs, which was high as a re- 
sult of war service, the State Railway 
found it could satisfactorily meet the 
growing traffic needs. 

In the year 1913-1914, when the services 
were growing with a very satisfactory re- 
gularity, the State Railways worked with- 
out difficulty : 


73 million passenger train-kilometres 
(45 361 000 passenger train-miles) ; 

45 million goods train - kilometres 
(27 962 000 goods train-miles), 
that is to say, an average of : 


4 420 passenger train-kilometres per ki- 


lometre of track; 
2730 goods train-kilometres per kilo- 
metre of track. 


The traffic of the said year was about 
5 000 million passenger-kilometres (3 110 
million passenger miles) and 7000 mil- 
lion goods ton-kilometres (4280 million 
goods English ton-miles). Each passenger 
train carried an average of 67 passengers, 
and each goods train 155 metric tons 
(152.6 English tons) of goods. 

In the very difficult period after the 
war, the traffic fell off considerably, but 
consequently — and especially after the 
National Government had restored order 
and regular working in this vital public 
service — passenger and goods traffic re- 
turned again to the railways. 


the traffic is small. 


The number of passengers increased 
rapidly from 100 to 148 million, and the 
weight of goods despatched from 40 to 65 
million metric tons. 

The passenger traffic in 1926-1927 had 
reached about 8 300 million passenger-ki- 
lometres (5157 million passenger-miles), 
and the goods 13.000 million ton-kilome- 
tres (7950 million English ton-miles). 

The train kilometrage was 82 millions 
(50 953 000 train-miles) for passengers 
and_65*millions (40 390 000 train-miles) 
for goods, which gave an average of : 


5 000 passenger train-kilometres per ki- 
lometre of track and 4000 goods train- 
kilometres per kilometre of track. 


The average load of the trains was 100 
passengers in passenger train work and 
200 metric tons (196.8 English tons of 
goods in goods train work. 

This definite improvement in the use of 
the trains is one of the most remarkable 
features of the present operation methods 
of the Italian State Railways, and the 


- principal reason will be given below. 


First of all, the real improvement in the 
locomotive stock has made it possible to 
increase the weight of the trains as com- 
pared with pre-war days. 

(Average train weight in 1927, 300 me- 
tric tons~as against 235 [295.2 English 
tons as against 231.3 English tons] in 
1913. Average number of axles in 1927, 
24 for passenger trains, 56 for goods, as 
compared with 20 and 50 in 1913.) 

The number of passenger trains has 
been increased to a greater extent on lines 
with heavy traffic than on those on which 
There are therefore 
to-day fewer badly loaded trains. 

As regards goods trains, the average com- 
position has been increased and there has 
also been an appreciable increase in the 
average loading of the wagons. 
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The average load per axle has been in- 
creased from 4.27 to 5.3 metric tons (4.20 
to 5.22 English tons) and the load carried 
per axle, loaded and empty, has increased 
from 3 to 3.86 tons (2.95 to 3.80 English 
tons). 

The running of the trains is now better, 
especially on the main lines. 

The timing of trains between the most 
important centres (Turin and Rome, Tu- 
rin and Milan, Rome, Naples and Reggio- 
Calabria) is better than in pre-war days, 
and it must be admitted that formerly the 
trains ran very late more often than not, 
whereas passengers now know definitely 
when they will start and when they will 
arrive. 

The passengers are also aware that they 
can make use of facilities previously lack- 
ing, such as : second class sleepers, night 
trains exclusively formed of sleeping cars, 
reservation of seats, etc. 

An important novelty much appreciated 
by the public is the introduction of ex- 
press trains on the Rome-Naples and 
Rome-Florence-Milan lines, which do the 
journey in much less time than formerly 
(2 h. 50 m. and 10 h. 15 m. respectively). 
These trains are wholly formed of the 
very conveniently arranged steel carriages 
recently put into service. 

As regards goods traffic, there has been 


a real improvement with the introduction | 


of special express goods trains formed of 
brake-fitted stock. 

These trains have made it possible to 
carry at a high commercial speed, goods 
(and especially foodstuffs) from the 
principal centres of production to the 
centres of consumption as regards the in- 
terior, or in transit by land and sea for 
export, and at the same time to reduce 
the cost of fuel and staff. 

The traffic, which since 1923 has had 


a rapid and progressive increase, fell off 


during the year 1926-1927, with even some 
further reduction during the current 
year, It was the repercussion of the 
world economic crisis which similarly af- 
fected railway traffic in other countries. 

For this reason, the Administration of 
the State Railways, on the one hand, has 
given every care to the reduction of the 
costs of operation, and, on the other, has 
continued to improve its equipment and 
stock in order to be ready to meet the 
traffic requirements when traffic re- 
turns, as it undoubtedly will. 


Fuel. 


Fuel, which plays a very important part 
in the operation of all railways, is a mat- 
ter of first importance for the Italian 
State Railways, both because of the rela- 
tively greater consumption due to the 
many gradients on the system, and be- 
cause of the higher price the Italian Rail- 
ways have to pay for foreign coal. 

Before the war, the Italian Railways 
used the best quality Cardiff coal, the 
consumption being 5.39 to 5.83 kgr. per 
100 virtual t.km. (19.43 to 21.02 Ib. per 
100 virtual ton-miles) of load hauled. 

Since 1920, German coal from the 
Ruhr, which Italy receives on War Repa- 
rations account, is almost exclusively 
used. 

With this coal when carefully screened, 
during the year 1926-1927, the average 
consumption per 100 virtual ton-kilome- 
tres hauled, was 5.67 kgr. (20.44 Ib. per 
100 virtual ton-miles). 

The most important method of obtain- 
ing economy in the use of coal is the well 
known one of interesting the staff in sav- 
ing coal by instituting coal premiums. 

This principle is just and advantageous _ 
as regards the enginemen, who are there- 
by rewarded for their care, but was 
strongly opposed during the first years 
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after the war by the Railwayman’s Union: 
after being suppressed for a time, the pre- 
miums were re-introduced with immedia- 
tely satisfactory results. 

During 1921-1922, that is to say, while 
the premium was suppressed, the average 
consumption of coal per 100 virtual ton- 
kilometres hauled amounted to 7.86 ker. 
(28.33 Ib. per 100 virtual ton-miles): it 
was therefore 50 % above the pre-war fig- 
ure and those of to-day. 

This figure should be sufficient to give 
an idea of the truly stupendous effort ac- 
complished in restoring the locomotive 
service to its present condition of order 
and regularity. 


Staff. 


The most important task accomplished 
by the Italian State Railway Administra- 
tion under the egis of the Fascist Govern- 
ment has been the reorganisation of the 
staff. 

This duty has been not only technical 
and economic, but above all, moral, as it 
was necessary to get the minds of the rail- 


way workers back into the old traditional 
ideas of application and discipline, which 
had for a time been weakened by subver- 
sive propaganda. 

At the beginning of the European War 
the State R bun had a staff of 147 000, 
or an average of 10.70 men per kilometre 
(17.22 men per mile) ‘of the system and 
38.75 per million axle-kilometres (63.08 
men per milion axle-miles) of vehicles 
hauled. 

The lack of discipline in the staff and 
the irrational application of the 8 hours 
principle had, as a consequence, a rapid 
increase in the number of men, so that 
during the year 1921-1922 the exaggerated 
figure of 235 000 was reached. 

To-day the number has fallen to 
167 500, corresponding to an average of 
10.15 men per kilometre (16.33 men per 
mile) and 30 per million axle-kilometres 
(48.28 men per million axle-miles) of ve- 
hicles hauled. 

By taking the staff of the different 
kinds per million axle-kilometres (axle- 
miles) hauled, the present and pre-war 
figures can be compared : 


Years. 
STAFF 1926-1927, 1913-1914, 
per million per million per million per million 
© of of of 

axle-kilometres. axle-miles. axle-kilometres, axle-miles. 
ONG, Face fe oes 3 4.83 4.7 7.56 
GS UaeTOUr seen sa eneee tet auc} Sols paces 9.7 15.64 10.6 17.06 
Mocomotive, i vec. tse cia 4.6 7.40 4.3 6.92 
PINT CRT ast ses sens Sahai aed 3.3 53d. 3 4.83 
Repaimeshop os-a.8 rc cea 4 6.44 4.9 7.89 
Permanent way........ 5.4 8.69 ib oa 17.70 


There have therefore been reductions 


State Railways Administration has not yet 


in all classes, other than locomotive and been able to counterbalance by other 


train men. In the case of these men the 


means the necessary increase caused by 


aS ee 


the application of the eight-hour prin- 
ciple, a principle recognised, but ration- 
ally applied by the Fascist Government. 

As regards station staff, the State Rail- 
way Administration hopes to effect other 
economies by using the train despatching 
system, which at the present time is used 
on certain lines. only, but which will 
shortly be in use on about 800 km. (500 
miles) more. 

The most remarkable reduction of staff 
has been in the permanent way depart- 
ment. Before the war this department 
had about 19000 men, and on this basis, 
in view of the growth of the system and 
the application of the eight-hour law, 
should have been 25 000. 

‘he Administration carefully examined 
the distribution of the staff on the dif- 
ferent lines, and succeeded in reducing 
the number of platelayers by instituting 
sectional men who have to inspect each 
day 8 to 10 km. (5 to 6 miles) of track. 
Examination of the less important lines 
on Holidays has been suppressed: The 
weekly day of rest has been made to coin- 
cide with that on which the Inspector 
goes over his section. 

In the case of fixed signals protecting 
stations, the supervision during the night 
hours has been reduced, and when they 
are lighted electrically, it will be sup- 
pressed entirely. 

Great reductions were effected by re- 
ducing the number of level crossing keep- 
ers. ; 

From 1920 to to-day, by suitable work 
on the roads, about 200 level crossings 
have been suppressed. At the 30 June 
1927 there were still 19 672 level crossings 
on the whole system, of which 3 328 only 
had keepers. Others, numbering about 
3 200, had been fitted with barriers oper- 
ated from a distance, or with pivoted bar- 
riers : 4460 are looked after by private 


people, and 8700 when clearly visible 
have been opened and the gates removed, 
warning plates being fitted at a suitable 
distance from them. 

Thanks to these measures, the number 
of crossing keepers has been reduced to 
about 6 000. 

As regards the permanent way upkeep, 
improvements have been made in the way 
the work is done, so that the staff, which 
was 22 000 before the war and then, owing 
to the extension of the system, and the 
eight-hour day, had gradually increased 
to 30.000, was at the 30 June 1927, 24 000 
only. 

The Italian Railway Administration in 
1925 provided for the revision of the sa- 
laries of the staff in view of the increased 
cost of living, and following an idea of 
great social importance, that is to say, by 
improving the conditions of service of the 
lowest grades to a greater degree than 
those of the inferior and superior grades 
of the staff. In this way the pay of each 
employee, which in 1913-1914 was about 
1 950 lires, has become to-day 13 000 in a 
ratio higher than that of the cost of liv- 
ing. 

Nevertheless, if the total cost to-day of. 
the salaries of the staff and charges in 
connection therewith be compared with 
the total receipts, it will be found that the 


Tatio is about the same’as before the war 


(44 % instead of 43 %) but is extraor- 
dinarily less than in 1921-1922 (75 %). 
This result is particularly important as 


_ the rates on the State Railways have been 


raised in a lower proportion than the in- 
crease in the cost of living. 

Finally, it must not be forgotten that 
the efficient use of the staff is due, not 
only to the steps taken by the Adminis- 
tration, but also to the diligence and zeal 
of the staff itself. It will be sufficient 
to point out that the proportion of staff 
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absent daily for illness or accident is to- The Minister Ciano has very rightly 
day 2.91 employees, whereas it was 3.32 been able to state that they are to-day sol- 
before the war and 5.27 during 1921, diers who, reassured by the protection of 

The Italian railwaymen have a very the Government, work with conscience 
high idea of their mission and fully un- and discipline, thoroughly convinced that 
derstand its importance to the welfare their rights begin where their duty loyally 
and dignity of the country. _ and perfectly accomplished ends. 
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Rome, April 1928. Year VI. 
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French regulations for the calculation and the testing of metal bridges. 


The French Ministry of Public Works published under the date of 10 May 1927 new 
regulations for the calculation and testing of metal bridges. We give below some of 
the most interesting extracts from these regulations. We call attention especially to 
the new article on the impact allowances for the live loads. The justification for the 
formule is given in the accompanying notes. It should be noted that the formule 
are applicable to both road and railway bridges. | We hope at an early date to make 
a full commentary on these formule, comparing them especially with the most recent 


German formule. 


Standard gauge railway bridges. 


Live Loaps. — The live load to be con- 
sidered in the calculations shall be made 
up of a standard train formed of two en- 


gines and tenders at the head of a rake 
of loaded wagons. 

The dimensions and weights of the en- 
gines, tenders and wagons are given in 
the following table (7). 


DESCRIPTION. Engine. Tender. 


Double bogie 
loaded wagon. 


Lotal lens ieee ais maaicas ae co, alee 5 10 m. 
(32 ft. 10 in.). (32 ft. 10 in.). (36 ft. l in.’ 
Number: ofvaxles..7.—.n ae erase Pine 3 4 
{.50 m, 
; &: (4 ft. 11 in.). 
Distance between two consecutive 4.50 m. 3m. 5 m. 
Bod ENSEE act hat i oar a eRe LS eRe (4 ft. 11 in.). (9 ft. 10 in ) (16 ft. 5 in ) 
4.50 m. 
_— (4ft. 1 in.) 


Distance between a buffer and the 


rei, 
_ (6 ft. 63/4 in.). 


2 is 4.50 m. 
(6 ft. 6 3/4 in.). 


NeAvOS AX] Canam. Lae eae (4 ft. 11 inch.). 
Load per axle on tant ant eee 2 20 metric tons 20 metric tons 20 metric tons 
~ (19.68 English tons), (19.68 English tons). (19.68 English tons). 
Total-welghti .7-iar.man ates - | 4100 metric tons 30 metric tons 80 metric tons 
(98.40 English tons). (29.55 English tons). (78 72 English tons), 
Average weight per metre of length. 10 metric tons 6 metric tons ‘| 7.270 metric tons 


(9.84 English tons), (5.91 English tons). 


10 m. | 1h aS 


(7.15 English tons), 


(') The locomotive, tender and loaded wagon forming the standard train differ appreciably from the 
vehicles actually in service on the French railway lines. It has been thought desirable to reserve a 


certain margin for the future. 
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For double track bridges, two such 
trains, running side by side in the same 
direction are taken into account. 

The position, length and make-up of 
the trains formed with the standard train 
are to be selected in each case, so as to 
obtain the maximum stresses in the dif- 
ferent parts of the structure. In certain 
cases, single heading should be consider- 
ed. The hypothesis of the formation 
being altered is to be excluded: but if 
need be, investigations are to be made to 
see if the presence of empty wagons is 
likely to produce stresses of greater ma- 
gnitude than those caused by a train en- 
tirely composed of loaded wagons alone. 
The empty wagons are to be taken in this 
case as weighing 1250 kilogrammes per 
lineal metre (840 lb. per linieal foot). 

It is also necessary to substitute for 
the elements forming the standard train, 
the engines, tenders and wagons in use, 
or likely to be in service in the near fu- 
ture on the system, to which the bridge to 
be built belongs, in the case in which this 
substitution results in an increase in the 
stresses carried by the different parts of 
the structure. 

Note is to be taken of the dynamic 
effects of shocks from the live loads and 
the speed at which they act by increasing 
the weights of the axles of the standard 
train adopted in the calculations. The 
co-efficient of increase applicable to a 
part of the flooring, to a girder, or to a 
- bay of a girder, is See by the formula : 


0.6 


{+o+8=14+7—5,+—> 

Be | = 7. 2L ee 1 
in which L = the length, expressed in 
metres, of this part of the flooring, of the 
girder, or of this bay of a girder; P the 
total permanent load carried by it includ- 
ing its own weight; S the maximum 


weight of the live load it may be called 
upon to carry. 


STRESSES IN THE METAL, — The principal 
stresses in each piece or section of the 
metal frame work are to be calculated. 

If the main girders are triangulated, it 
is obligatory to calculate the supplement- 
ary loads that can result therein from any 
defective arrangement of parts of any 
kind such as, especially, lack of symmetry 
of the bars in relation to the centre plane 
of the girder and the eccentric loading re- 
sulting therefrom. 

As regards the additional loading due 
to the rigidity of attachment of the bars 
to the boom, or to lack of convergence of 
the centre lines of the parts on the centre 
plane of the girder, it is desirable, if not 
directly calculated and if not outside the 
ordinary arrangements in use, to take 
them into account by increasing the prin- 
cipal stresses by one-tenth. 

As regards details of the bridges, in cal- 
culating them allowance should be made 
for any partial boxing in that may pos- 
sibly occur at their ends. 

After having made these various cal- 
culations, the values of the stress in the 
metal expressed in kilogrammes per 
square millimetre is to be determined in 
conformity with the principles of the 
strength of materials. The following no- 
tation is to be used for any one part of 


the structure and the same type of 


stress : 

c represents the stress under dead load; 

d represents the stress under the in- 
creased live load; 

v represents the stress under wind at 
150 ker. per m? (30.72 lb. per square 
foot) ; 

w represents the ‘stress under wind at 
250 kgr. per m? (51.20 lb. per square 
foot) ; 
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{represents the stress under the action 
of the temperature. 


Parts IN COMPRESSION. — Each part in 
compression is to be checked in addition 
to make sure that it is not subject to bend- 
ing. 

The method engineers are to follow is 
not prescribed. The following indications 
may be found useful : 


Let / be the length of the part in com- 
pression; 
r be its minimum radius of gyration; 


E be the co-efficient of elasticity of the 
metal taken lengthwise; 


N its limit of elasticity; 

R its breaking strength in compres- 
sion; 

R, its permissible working stress, these 


last four being expressed in kilogrammics 
per square millimetre. 


The critical stress of Euler expressed 
in the same units will be given by : 


9 ie 
C= mk R 


in which m is a numerical constant de- 
pending on the method of fastening the 
part at its two ends, some usual values 
being : 


m — 1 fora part jointed at both ends; 


m = 4 for a part boxed in at both 
ends ; 


m == 2 for a part partly boxed in at 
both ends; 


m = 2 for a part jointed at one end 
and completely boxed in at 
the other; 


m — 1/4 for a part boxed in at one 
end and free at the other 
(mast) 


This stated, the simple compression 


_ 


stress calculated on the gross area § 


should meet the following conditions : 


A. — When referring to Euler’s theory, 
three cases are to be noted : 


1. If C < N, the inequality to be check- 
Edis: 


2. IfiN < € < 3R— 2QN, the inequality 
to be checked is : 
F. C a 2N 2 Ry 


eres 
3. If 3R — 2N < C, the inequality to 


be checked becomes reduced log < R,. 

(It will always be covered if the part is 
suitably calculated in other ways: in 
other words, it is admitted that there is 
then no tendency to premature failure 
through eccentric loading.) 


B. — When one uses Rankine’s for- 
mula, the inequality to be checked will be 


’ for all values of C : 


Proof of stability. 


CoNDITIONS OF STABILITY. — The struc- 
ture shall be considered as stable from 
the point of view of elastic equilibrium 
or of the stress of the metal if the values 
of the stress considered in articles 8 and 
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10 satisfy the conditions expressed by tons per square inch) ; R, = 10 kgr. (6.35 
the following ae quantities ; English tons per square inch) ; 
1. foley) alg aoa 2. ee or resistance of the heads to 
2 ook orc v<Ro; pulling off: R, — R, 2.5 ker. (1.59 
Ss east ew < Rs ~ English tons per square ath 


When a builder can prove that all the 
rivets in a unit have been closed by me- 
chanical pressure riveters, the safe limits 
may be increased for this reason alone 
1. on the kind and quality of the metal ‘by 1 kgr. (1420 lb. per square inch) as 


The letters R, and R, designate the li- 
mits of safety or allowable working 
stresses; these limits depend: 


used; regards shear, and 0.5 kgr. (710 lb. per 
2. on the sort of stress considered: Square inch) as regards tension. 
tension, compression, slip or shear. The stress of the rivets in tension is to 


be calculated if necessary to prove the 
stability of the assembled parts. 
No proof will be required of the 


The most usual of such stresses are de- 
fined in the following articles : 


pe a Se re py a cafe: Ti: strength of rivets which are used only in 
- re taken ® ee : accordance with the usual practice when 
weal : building bridges. Such rivets are those 
1. Tension or compression : used to rivet together a number of plates 
R, = 13 ker or the rivets along the edges. 
iS : 
(8.26 English tons per square inch) ; pes; 
R, = 14 ker. 


The following table from the Specifi- 


(8.89 English tons per square inch); cation of the Ministry of Public Works, 


2. Slip or shear : dated 29 October 1913, gives the mini- 
R, — 10 ker. mum tensile strength and LOW Eee re- 

(6.35 English tons per square inch); quired in the case of rolled material. 
Rei 149 ker: The extension at breaking is measured 

(7.44 English tons per square inch). on a gauge length : 

Rivets. — The safe limits are to be — L=\V/66 675, 


taken as follows : in which S is the cross sectional area of 
1. Shear; R, = 9 kgr. on English the test piece. 


ann SNS S Sa ei ree 


Load in kilograms per mm? : 
(in English tons per square inch) Extension 
‘of the original area. at 


‘DESCRIPTION OF THE MATERIAL. fracture 


| measured between 
At the elastic At gauge points. 
limit. fracture. 
Rolled-steel sections, flat plates, flats and round, * 
square or profiled bars... .. . ie to 24 (15.24) 42 (26.67) 25 
Rivetspa steel. dickrcere Brearcasage telus a a rettas 20 (12.70) 38 (24.13) 28 %o 
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Railway bridges for metre gauge lines. 


The standard train used in making the calculations is given in the following table : 


DESCRIPTION. 


I a RR RR AR I LE I TEE ID TOS 


Totalslenethbeswe sis ire pile ie fe so prota 


INumibersot axles. > soft sae cco, oe 


Distance between two consecutive axles. .... 
Distance from a buffer to the nearest axle. . . 


ATO SORE sais air nese ise? ust RRP E LS eI oe ee aera 


PLOtals Welsh. ences uer arie. + uleste lt ane nets foe 


Average weight per metre of length ....... 


| Tank engine. | Loaded wagon. 

SCRE sis 10 m. 8 m. 

(32 ft. 10 in.}, (26 ft. 3 in.). 
foe 5 5 
t see 1.50 m. 4m. 

(4 ft. 11 in.). (13 ft. 1 1)2 in.). 
Pa Eo er 2m. 2 m., 

(6 ft. 6 3/4 in.). (6 ft. 6 3/4 in.). 


igre a Late 


20 t 


10 t. 0 t. 
(9.84 English tons’. (19.68 English tons), 


50 t. 20 t. 
(49.20 English tons). (19.68 English tons). 


5 t. 2.5 t. 
(4.92 English tons). (2.46 English tons). 


« If the empty wagons have to be form- 
ed in the train, their weight shall be re- 
duced to 750 kgr. per lineal metre (504 Ib. 
per lineal foot). » 

« When it is a question of a bridge to 
be built to carry a light railway or a tram- 
way, any departures required to be au- 
thorised in view of the traffic expected, 
of the method of traction to be used, and 
of the actual weight of the rolling stock, 
shall be subject to the special authorisa- 
tion of the Ministry for Public Works. » 


Road-bridges. 
Live Loaps. — Two systems of live load- 
ing are to be considered : 


A. — The roadway to carry a uniformly 
distributed live load reaching per square 
metre the value p given by the formula : 


p = 820 ker. — 4 L. 


in which L is the span of the bay in 
metres or by the formula : 


p = 500 ker. if L > 80 m. 


_ Front axle weight. . . 


The footpaths to be able to carry a uni- 
formly distributed live load of 400 kgr. 
per m? (81.93 Ib. per square foot). 

The length of the loaded areas is to be 
chosen in each case so as to obtain the 
maximum stresses in the various parts of 
the structure. 


B. — On the roadway for the above 
live load are to be substituted standard 
trains, each composed of two four-wheel- 
ed lorries having the following character- 
istics : 

Total weight ..... 
Rear axle weight .. . 


16 t. (45.76 English tons). 
412 t. (44.82 — —). 
ate .3.08 5 eo) 
10 m. (32 ft. 40 in.). 
2.50 m. (8 ft. 2 4/2 in.). 
4 m. (13 ft. 1 4/2 in.). 


Overall length. .... 
Overall width ..... 
Distance between axles. 


Distance apart of the 
wheels on anaxle . 


Width of wheel rim. . 


1.70 m. (5 ft. 7 in.). 
0.30-m. (44 13/46 in.). 


It is to be supposed that there will be 
as many standard road trains running 
side by side in the same direction as the 
width of the road will allow, these road 
trains being placed in the most unfavour- 
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able position for the part under consid- 
eration. 

The co-efficient of dynamic impact 
shall be calculated in accordance with the 
formula given above. 

The Minister of Public Works reserves 
the right to authorise departures from 
this programme of live loads, either to 
make it more stringent-as in cases where 
vehicles of exceptional weight, either 
civil or military, have to pass, or to make 
it easier when the kind of traffic and the 
service to be covered by the structure jus- 
tify any such measure. 


General considerations attached. 


Allowance for the dynamic effects 
of moving live loads. 


The Commission appointed to draw up 
the 1915 Regulation (Mr. Mocquery, Pre- 
sident; Mr. Jean Résal, Secretary, took as 
one of its principal references the intro- 
duction of the idea of the dynamic effects 
of moving live loads. It considered as a 
fact incontestably proved by experiment, 
that a train or convoy running over a 
bridge stressed the parts of the bridge 
more than the same train or convoy would 
when standing. The report stated that by 
recording with automatic instruments the 
vibratory movements set up by the pas- 
sage of the train at speed, it had been 
made possilbe to measure the dynamic 
increase in the stress. It shewed also 
that it had been found that this dynamic 
increase could attain 70 % in the gird- 
ers and cross bearers under the rails, that 
it diminished rapidly as the span of the 
girder considered ‘increased and became 
almost negligible for large spans. This 
it stated is a fact established by theory 
and proved by observation. 

An even more definite statement will 
be found in the Commission’s report. If 


¢ be the stresses due to the dead load, 
d that due to the moving live loads, it 
proposed to increase d by a coefficient 
(1 + «) given by the lineal equation : 


| + a = 1.733 — 0.3067 5 
with a correction so as never to obtain : 
1+-4a4< 14. 

It should be noticed that c, d and con- 
sequently « relate to a particular element 
of the structure, and that they even vary 
for a given element, with the section in- 
vestigated, and even with the kind of 
stress studied (tension, compression, 
shear). 

In view of such definite statements, 
how did this Commission remain comple- 
tely silent on this question of the impact 
allowance in the text it elaborated and 
which became the Regulation of the 
8 January 1915 ? Why, instead of putting 
forward a multiplicator such as (1 + «) 
that is to say, greater than unity for the 
stresses d due to the live loads, did it take 
the opposite side in reducing the stress ¢ 
due to the dead load of which only 4 or 6 


tenths, according to the case, were taken ? 


It was no doubt to prevent upsetting ex- 
isting practices and so as not to shew in 
the calculations working stresses consid- 
erably higher than those then in use, 
which up to that time had not exceeded 
8 ker. (5.08 English tons per square inch) 
for ordinary rolled steel. None the less, 
the Report of the Commission was very 
definite on the allowable limit for the 
fatigue stress which after much consider- 
ation it fixed at 13 kgr. (8.26 English tons 
per square inch) for rolled steel. Further- 
more, there is no doubt that it appeared 
to it to be reasonable to raise the calculat- 
ed working stress as new factors, such as 
the impact allowance, up to then ignored, 
were introduced. 


oe 
4 
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It is certainly not the idea of the pres- 
ent Commission to criticise the work of 
its predecessor whose initiative has had 
satisfactory results. But it had to give 
some explanation on this subject to ex- 
plain the real origin of the complaint of 
the builders of metal bridges. For these 
latter, the impact allowances have to be 
applied, although they are implied only, 
and it is not easy to see if the raising of 
the calculated working stresses has al- 
ways taken it into account sufficiently 
and equitably. In the case of bridges in 
reinforced concrete, it is still completely 
ignored. 

The method devised in 1915 had also in 
addition to its lack of clearness some 
other defects. The checking of the nu- 
merous unequal quantities put forward in 
article 11 of the Regulation appeared too 
complicated and defeated the designing 
offices, whether rightly or wrongly, com- 
plaints arising even from some engineers 
of the Bridges and Roads Department. 
The real complication was not so much 
in the actual carrying out of a given 


check as in the use of the continually 


C 
varying factor = When pissing from one 
check to another. 


For these reasons, the present Commis- 
sion, after having at first simply endea- 
voured to amend the application of the 
ideas which were accepted in 1915, had to 
reopen again the discussion relating to 
the determination of a suitable co-effi- 
cient of majoration, and to select from 
amongst the very varied causes which 
come into play to aggravate or extenuate 
the dynamic effect of the moving loads, 
those which seemed to be really prepon- 
derating, and which for lack of better, are 
the only ones to retain. This analysis 
has been amply discussed and was the 
subject of many enquiries which it would 


be wearisome to recall here. It will be 
sufficient to give the reasons why the 
C 
d 
by the interested parties, builders and re- 
presentatives of the Railways, as well as 
by some members of the Commission was 
finally given up. 
When the reason for the choice which 
had been made ot £ 
d 
namic effects of the live loads is looked 
for, it is possible to find scarcely more 
than a parallelism of fact between this 
factor and the span of the bridges or gir- 
ders. Résal satisfied himself by stating 


factor — which was energetically opposed 


to build up the dy- 


that the ration varies in railway bridges 
( 


roughly as the span, and that it is conse- 
quently logical to vary the factor of ma- 
joration (1 + «) from the maximum 
value 1.73 applicable to the small bridges 


A bone 
for which q 18 near zero, up to a value 


near unity, applicable to girders of large 
span, and therefore heavy, in which the 


ratio ~ becomes high. 


But if this rather vague explanation is 
not accepted, and if we ask why a given 
part subjected to variable stresses, be- 
tween. a lower limit ¢ and an upper c + d, 
is less tried than a similar part initially 
not under tension and subjected to the 
same variation of stress, no satisfactory 
explanation can really be found. For 
equal value under shock, the value repres- 
ented in fact by the limit d of the maxi- 
mum efforts, it would seem on the con- 
trary, that the piece less stressed in the 
initial position ought to be the better able 
to stand up under load. During consecu- 
tive oscillations under shock, the initial 
tension taken as constant, does not ac- 


7 


a 


et ae ee 


Ld 


— 841 


complish, it is true, any work; but during 
the first half oscillation it has to do work 
of the same sign as the added tension 
(e and d being of the same kind and of 
the same sign by hypothesis) and conse- 
quently the first extension, as well as the 
stresses within the elastic limit, ought to 
be increased thereby. 


It has sometimes been said that the use 
of the ratio | has been found a practical 


method and, as it were, automatic, it being 
more difficult for parts subjected to al- 
ternating stresses, as for such pieces ¢ is 
very small if not nil, and the maximum 
co-efficient of majoration is applied 
thereto. This result is of course interest- 
ing. But it can be remarked that to be 


vee 
for the ratio — of the extreme 


ad 


stresses of the same sign, the ratio 


logical, 
U 


d 
7° 


the extreme stresses of opposite gn 
should be substituted. 


It can also be said that some tests, such 
as those of Woehler, on the effect of the 
variable stresses have led to a limitation 
of the maximum allowable stress as a 
function of the ratio of the extreme 
stresses. To that it can be replied that 
the tests of Woehler did not introduce the 
idea of shock, nor consequently of dy- 
namic effects, although this may have 
been by error; that further no one has 
even obtained premature breakages, at 
least for the mild steel in ordinary use, 
so long as the maximum stress does not 


exceed the elastic limit, which is certain- 


ly the case as regards bridges : finally, 
that it has been definitely shewn that ex- 
treme stresses of opposite sign have to be 


taken into account, parts subjected to al- 


ternating stresses breaking quicker than 
the others. 


hae 
Finally, the ratio q is nol used in any 


theory on the shock of solid bodies. 

The Commission considering, further- 
more, the difficulties of application 
pointed out above, then felt itself obliged 
to abandon the use of this ratio, and to 
look for something to take its place. The. 
Commission felt obliged to state first of 
all that it appeared to it to be impossible 
to pretend that a real evaluation of the 
dynamic efforts of the moving loads 
could be made. There are too many 
causes, that is to say, too many independ- 
ent variables which come into action in 
such complex phenomena : kind of moy- 
ing loads, speed at which they act, kind 
and state of repair of the track, kind of 
parts considered, their connections with 
other parts, ete. It is therefore advisable 
to make the regulations simpler, and to 
be satisfied with approximations, provid- 
ed these be rational and within the known 
experimental limits. 

As regards these limits, the Commis- 
sion agrees that the co-efficient of majo- 
ration can vary between 1 and 2. The 
higher limit is above the 1.73 found as a 
result of the tests made on railway bridges 
which the 1915 Commission accepted. It 
considered that these (recording the sta- 
tic deflections and the vibratory deflec- 
tions) only applied to the main girders of 
the structures and not to parts of the 
flooring. For this latter, the require- 
ments should be more severe, and as a 
matter of fact the 1915 Commission had 
itself increased the co-efficient of majo- 
ration to be applied thereto approxima- 
tely to 2 by introducing the fact of 
wheels and axles out of gauge, or excep- 
tional vehicles. 

Furthermore, it took into account the 
results for the whole structure as given 
by the theory of shocks on prismatic parts 


* 


coe et ae 
py ; 


ae 


which, as is known, were the object of 
noteworthy investigations during the last 
century, and to which the names of 
Young, Navier, Saint-Venant, Boussinesq, 
Phillips, Henri Résal, Bresse, Willis and 
Stokes, to mention only the best known, 
are attached. More recently Jean Résal, 
without pretending to deal with the whole 
of the problem, has dealt with many well 
chosen points in his Traité de ponts mé- 
talliques (vol II). 

All these theories, in spite of the very 
different points of view from which they 
were approached, end in the same result, 
which can be summed up as follows : 


When instantaneous shocks alone are 
considered, we can, as a first approxima- 
tion, limit ourselves to correcting the 
elastic deformations due to the live loads 
by multiplying them by an expression of 
the form 

2 
4D 
1+K < 


> 


always less than 2, P being the mass sup- 
porting the shock, and § that causing it. 

There is even a valuable experimental 
confirmation of this point, Hodgkinson 
and Tredgold having decided to see if the 
dynamic deflection of bars subjected to 
sudden shocks could really reach double 
that of the static deflection, as certain in- 
vestigators had obtained as a first approxi- 
mation. Their tests shewed that it was not 
so, and that the facts observed would be 
satisfied by introducing a factor of re- 


duction of the form is. which would 


confirm the argument given above, 


When we consider, not instantaneous 
shocks, but live loads which act over a 
time much longer than the proper period 
of oscillation of the part, it then becomes 


necessary to reduce the value of the cor- 
rection very appreciably. At the limit we 
can well imagine that we should consider 
not the total live load S, but only the frac- 
tion of this live load which can come into 
action during the course of the first half 
period. The fraction acting during the 
next half period cancels out, or nearly so, 
the effect of the first, and soon. Broad- 
ly speaking, this is what happens in the 
case of bridges. Résal has shewn .that 
for a girder of 100 m. (328 feet) span run 
over by a train at 120 km. (75 miles) an 
hour, the time of application of the load 
is at least four times the period of vibra- 
tion. For a girder of 36 m. (118 feet) 
span, the ratio would still be about three 
times. For a longitudinal member 4 m. 
(13 ft. 1 1/2 in.) long, the ratio would be 
no more than 1.33. 


Several other points have to be consid- 
ered. 


When a part is connected to others, or 
to bearings elastically free to yield, the 
oscillations thereof damp out very quick- 
ly, much more quickly than in a part free 
to move. There is a change of energy in 
the part, and a transmission of energy to 
the adjacent parts. The first part acts as 
regards the other the role of a damping 
device. 


When a part forms an integral part of 
a complex system, its own period of oscil- 
lation becomes masked by that of the 
whole system. 

Two principal points emerge from the 
above. On the one hand it is necessary 
to take into account the way in which the 
live load acts, and especially the speed at 
which it acts in comparison with the per- 
iod of vibration. 


On the other hand, the ratio of the 
masses causing the shocks to those re- 
ceiving them must be considered. 


‘por. oo 


j 
; 
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In order to take the former into ac- 
count, the Commission first of all thought 
of making a clear distinction between the 
main girders of a bridge and the parts of 
its floor, which latter are usually under 
dissimilar conditions as regards the clo- 
seness of the shocks and the speed at 
which the live loads act. However, on 
small span bridges, the difference largely 
disappears. In the end the Commission 
thought that the principal dimension was 
simply the length, either of the part of 
the bridge, or of the girder. At equal 
speeds of trains or stock, it is true that 
on this length alone depends in fact the 
relative speed at which the bridge is load- 
ed. One of the members of the Commis- 
sion, Mr. Godard, had pointed out that 
it was as a function of the « length » 
that the rules for correcting the figures 
used in certain foreign countries, and 
notably in England and the United States, 
were got out. It should also be remem- 
. bered that the builders also had formerly 
suggested that the regulation should be 
based on the length of the girders. The 
refusal to do so was justified at that time 
when only this overall measurement was 
in consideration : there is no reason to 
maintain the refusal if alongside this 
measurement, others are brought in, tak- 
ing into account elements that have been 
neglected, and especially the ratio between 


the masses giving rise to the shocks and | 


those supporting them in order to meet 
the second requirement given above. 


In the end, the Commission proposed 
to include in the co-efficient of majora- 
tion at the same time the two following 
main measurements : F 


L, length of the part, or of the girder, 


5, ratio of the dead weight IP carried to 


the live load S that it may have to carry. 
The formula would have the form : 


fe 0.4 0.6 
emi eT. 


1+a+6 ap 

1+4 5 
For a very short and very light part, 

L and being negligible, the co-efficient 


of majoration could attain a theoretical 
value of 2. 


For a main girder of 100 m. (328 feet) 
span, supposing a value of : equal to 


unity, the co-efficient would fall to about 
1.14. The hyperbolic form given to each 
of the factors « and 6 assure at once a 
high value for the short and light parts 
which falls relatively quickly for relati- 
vely important and heavily loaded parts. 
This is the result desired. 

It is true it would be possible to go fur- 
ther in the direction of greater precision 
by separating, for example, the bridges 
into different classes, according as it is a 
question of railway bridges for example, 
or road bridges, or of ballasted or non-bal- 
lasted railway bridges. In this way we 
should have taken into account the factor 
of the «elastic bed» by using distinct for- 
mule with different co-efficients for each 
of these kinds of bridges. The Commission 
felt it would not follow this line of argu- 
ment, no doubt thinking that on the one 
hand sit was vain to pretend to anything 
more than approximations, at least during 
the absence of more definite experimen- 
tal documentation, and considering on the 
other, that in the proposed formula the 
term (, bringing in the ratio between the 
loads and live loads, had already taken 
into account to a sufficient extent the 


varied conditions of layout of railways 
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and roads. Furthermore, as regards road 
bridges, in the case of which one might 
be tempted to make certain reductions on 
account of the lower speed of the traffic 
and the less likelihood of the full live load 
occurring, the Commission thought that 
these considerations were in fact counter- 
balanced by the state of the roads, by the 
possible increase in shocks resulting 
therefrom in certain cases, and by the 
prevailing uncertainty as regards the 
weight of the vehicles which can use 
these structures. 

In spite of the length of this statement, 
the Commission felt obliged to answer in 
advance a possible objection to the adop- 
tion of an uniform co-efficient of majo- 
ration for all the parts forming a com- 
plicated built-up girder, a trellis girder, 
for example. For a given diagonal, it is 
not the total live load which causes the 
greatest stresses. Ought we not to take 
for the diagonal in question the partial 
live load S/ corresponding thereto, and to 
substitute it for the total live load S ap- 
plicable to other stresses 2? Without men- 
tioning the complication which would re- 
sult therefrom — as it would be necessary 
to have as many different co-efficients as 
there were diagonals — the Commission 
points out that it has already met this 
objection when speaking earlier on of the 
periods of oscillation of the complex sys- 
tems themselves, and adds this last reason 
which to it appears convincing. At the 
same time that the partial live load S’ is 
causing the greatest stresses, it is quite 
rational to take into consideration the 
complementary live load S” = § — Sj’, 
which then produces stresses in opposi- 
tion, and of which the disappearance 
gives rise subsequently to stresses of the 
same sign as the introduction of the par- 
tial live load S’. The oscillation, or the 
range of the extreme stresses on which 


the dynamic efforts ought to depend, 
therefore brings into action the total live 
load, as well as the weight of the struc- 
ture. The same thing occurs in all other 
analogous cases. 


; a P 
Making use of the quantities L and s 


has obviously the advantage of simplicity. 
In addition, it has a very valuable second- 
ary merit. It makes it possible to caleu- 
late the co-efficient of majoration applic- ~ 
able to any particular case before any 
stress calculation is made, and conse- 
quently the majoration can be applied to 
the live loads themselves, as well as to 
the stresses resulting therefrom. It is 
for this reason that the new rule drawn 
up is to be found in the new Regulations 
in article 2, which deals with live loads. 

Another advantage which follows di- 
rectly is that we can at once apply to 
bridges in reinforced concrete the rules 
for the majoration which should be ap- 
plied to steel bridges without being dis- 
turbed by the differences which are ob- 
tained as a result of the special methods 
of calculation for reinforced concrete 
structures, to which Hooke’s law is not 
always applicable. From the moment the 
majoration applies to the live loads them- 
selves, there is no reason why it should 
not be introduced into the subsequent 
calculations, whatever they be. 

Railway bridges carrying standard 

gauge lines. 


Adoption of a new standard train 
(art. 2).— The chief Railway Companies 
asked that advantage be taken of the re- 
drafting of the 1915 Regulation to sub- 
stitute for the 40-t. (39.36 English tons) . 
wagons on two axles the much heavier — 
wagon weighing 80 t. (78.72 English tons) 
on four axles. The weight per axle re- 
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mains unchanged, but the distribution of 
the axle is different, as is the weight of 
the wagons per metre run, which has in- 
creased from 5 to about 7.36 t. (1.50 to 
2.24 English tons) per foot run. This 
request was favourably reported on by 
the Control Service, and the Commission 
also received it with favour. 

The Railway Systems also asked, in the 
case of bridges on lines open to interna- 
tional traffic, for the adoption of the 
standard rake of wagons derived from the 
preceding one by a simple majoration of 
1/10 of all the axles. Their individual 
weight would be increased from 20 to 
22 tons (19.68 to 21.65 English tons). 
The Commission felt unable to accept 
this request which raised the grave 
question of the definition of the lines 
open to international traffic. It consid- 
ered that for these lines, as for all others, 
liable to have to carry special traffic, it 
was always permissible for the Railway 
Systems to put forward proposals for a 
heavier standard rake. 
should be no mis-understanding on this 
matter, it has laid down that we can sub- 
stitute for the standard train defined by 
the Regulation another standard train 
composed of the heaviest units in service 
or likely to be in the near future. 

The other alterations made to article 2 
are simply editorial changes. 


Fatigue of the metal (art. 8). — The 
Commission has introduced into this ar- 
ticle two alterations which it considers 
important. 


1. Calculation of the stresses due to the 
dissymmetrical joints of trellis work. — 
The first deals with certain loadings 


which occur in the bars of the trellis 


work of the girders when these bars are 
not so arranged as to form a symmetrical 
system in relation to the mean plan. This 


In order that there 


arrangement is to be avoided as far as 
possible as there usually results from the 
eccentricity of the fastenings fairly high 
bending moments, which can much in- 
crease the stresses in the parts. This ec- 
centricity, when it is a question of isolat- 
ed angles or U bars, can become sufficient 
to cause reversal of the principal stresses: 
a tensile stress, for example, being found 
at the edge of the flanges of a U bar, the 
back of which is under compression. 
Bridges are known in which all the trellis 
bars are bent. It is therefore necessary 
to separate such stresses from those given 
the name of « secondary stresses » and 
which the 1915 Regulation did not re- 
quire to be calculated, a fixed plus allow- 
ance of 1/10 being allowed. The Com- 
mission requires these secondary stresses 
to ‘be calculated. 

Interested quarters have protested 
against the strictness of this new arran- 
gement owing to the difficulty of making 
the calculations involved. They agree’ 
that the allowance of 1/10 for the second- 
ary stresses was insufficient in this case, 
and offered a new fixed allowance of 1/10 
in addition to the first 1/10 in this case 
of dissymmetrical trellis work. They 
consider that this new majoration would 
be amply sufficient, and give as their 
reason therefor the fact that many bridges 
have trellis girders so formed and have 
however stood up well. 

The Commission has retained its pro- 
posal. It does not disprove the statement 
that many bridges and dissymmetrical 
trellis work have been put into service 
without any accident having occurred. 
Certain of these bridges,-however, have 
vertical uprights, or even rigid wind-brac- 
ing — others had the trellis bars so close 
together that any deflection due to twist- 
ing was transmitted to the webs through- 
out their whole length — others again 
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were able to behave as simple trellis 
girders but were fitted with counter brac- 
ing bars in view of the reversal of loads. 
However this may be, if by care the build- 
ers have been able to avoid serious acci- 
dents in the past, it is none the less ne- 
cessary to make engineers and builders 
realise that there is danger in this arran- 
gement which, whilst it cannot be com- 
pletely prohibited, must be strongly dis- 
countenanced. The obligation of supply- 
ing reasons for its use will in itself act 
as a brake and be of assistance. 

The Commission also does not contest 
the fact that exact calculations would 
often be very difficult and sometimes of 
no interest. In order to shew it only 
requires practical calculations, it pro- 
poses to insert in the Commentaries the 
necessary indications to enable them to 
be made quickly and with sufficient ac- 
curacy. It is above all a question of 
requiring engineers and builders to take 
account of the order of magnitude of the 
possible secondary stresses. 


2. Calculation of the shearing moment 
at the ends of the floor members. — The 
longitudinals and stretchers usually have 
full webs and are very often of constant 
section. It has often been thought unne- 
cessary in their case to make any calcu- 


lations other than those concerning their. 


fatigue under bending at the centre and 
their shear stress at the ends, further- 
more carrying out the calculations as 
though these parts were simply supported 
at their two ends. In practice this latter 
theory is far from being realised, as fre- 
quently the ends are rigidly connected up 
in an end assembly. It is true it gives 
additionnal safety as regards the bending 
stress in the central area, but it is not so 
as regards the area near the ends where, 
owing to. the rigid connections which act 


as though the ends were partially built 
in, negative bending moments, compar- 
able in value to the positive bending mo- 
ments at the central area, arise. It is 
therefore often an error of design to use 
variable sections which diminish too ra- 
pidly towards the ends. The rigidity and 
good behaviour of the structure also suf- 
fer as a result, and the saving of metal 
obtained in this way is not always very 
well chosen. The Commission considers 
it preferable to persuade Engineers to 
distribute the steel to better advantage by 
frankly admitting and taking into ac- 
count the partial encastering moment, 
which always occurs, so as to save a little 
metal in the central area, and not to carry 
the saving too far when the ends are 
being considered. Such is the object 
aimed at by the text of the Rules and 
made clearer by the Commentaries on the 
most usual cases met with. 

We know, of course that the connec- 
tions of the parts of the flooring have 
been found in many cases to be the weak 
points of the structures. Slipping or 
even breakages of rivets have also been 
fairly frequently noted, principally in 
railway bridges. This question is dealt 
with in article 10 of the Regulations. As 
this is closely connected with the preced- 
ing one, it will be more simple to discuss 
it at once. The defects of these connec- 
tions is largely due to the practice of 
treating these parts as being simply sup- 


_ ported at their ends. In fact, according 


to this hypothesis, there is nothing to do 
but check the joints as regards shearing 
stress and the shear of the rivets. By re- 
quiring any encastering moments which 
may occur to be taken into account, the 
Commission shews thereby that it is also 
desirable to see if the joints are properly 
designed so that the rivets in the top part 
can carry without being over-stressed the 
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tensile stresses that may develop therein. 
This check will frequently result in a 
different design being adopted, as, for ex- 
ample, the use of junction gusset plates, 
or even to substituting in place of certain 
rivets, bolts better able to stand the cal- 
culated tensile stresses. Desirable and 
practical improvements can be made as 
regards this point. 


Parts under compression (art. 9). — 
Article 9 of the 1915 Regulation, dealing 
with the buckling of parts in compres- 
sion, had considerably limited the judg- 
ment of the Engineers and Builders by 
imposing a certain method of checking, 
that known as « Rankine’s rule ». 

This was contrary to the general prin- 
ciple, repeated in Article 6, that the Go- 
vernment did not lay down any particular 
method of calculation, and gave rise to 
many protests which were the louder as 
the question of buckling has been, and is, 
the subject of violent controversy. 

In addition, by imposing Rankine’s rule, 
and adding the remark that the calcula- 
tions should take into account the net 
section of the parts, a certain confusion 
has been caused as to the actual meaning 


of this rule. It is here a question in fact, 
not of imposing a new majoration of the 
calculated loads, an increase which would 
be super-imposed on those of article 2 or 
on those article 8 requires, but simply of 
making a check to ascertain if, outside 
all questions of fatigue, the total com- 
pression load of the part is sufficiently 
wide of the critical buckling load, known 
as Euler’s critical load, which cannot be 
exceeded without danger, no matter how 
well the part has been made, nor how well 
centred under the compression load. 

What the Commission proposes is to 
return in the text itself of the Regulation 
to the less restrictive requirements of the 
1891 Regulations, and to restore to the 
Engineers their freedom. 

Moreover, at the request of interested 
circles, the Commission has added in the 
Commentaries the necessary information 
to enable one or other of the two prin- 
cipal methods suggested to be applied 
quickly, without however excluding others. 
The rules shewn for the two methods 
mentioned are, furthermore, in as close 
as possible agreement one with the other. 


R. D. 
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The German regulations for the calculation of metal road bridges. 


We give below some interesting ex- 
tracts taken from the review Der Bau- 
ingenieur of the 24 May 1927 — « die 
Baunormung » — from the standard Ger- 
man regulations on the calculation of road 
bridges. We call attention especially to 
the introduction into this new regulation 
of the coefficient of dynamic increase 


(impact) until now only used for rail- 
way bridges. This regulation is based, 
moreover, to a large extent, on the regu- 
lation of the German railway bridges — 
value of the maximum stress — coeffi- 
cients for the calculation of parts loaded 
vertically, checking the stability of open 
bridges, ete. 


Values of E, G for the different qualities of constructional steel. 


E = Modulus of elasticity, tension and compression in kgr. per cm? (in Ib. per square inch). 
G = Modulus of elasticity, shear, in kgr. per cm? (in lb. per square inch), 


Hammered iron. 
Mild steel St. 37 


Mild steel high tensile : 
St 48. 
St Si. 

Cast steel . 

Forged steel . 

Supports . 

Cast iron . 


es 
2 U0 000 (28 400 000) 
2 100 000 (29 900 000) 


2 100 000 (29 900 000) 
2 100 000 (29 900 000) 
2 150 000 (30 600 000) 


2 100 000 (29 900 000) 
4 000 000 (414 200 000) 


TTS ee 


BE G 


770 000 (44 000 000) 
810 000 (44 500 000) 


840 000 (44 500 000) 
810 000 (44 500 000) 
830 000 (44 800 000) 


810 000 (44 500 000) 
830.000 (44 800 000) 


Dynamic coefficient. 


The moments, shearing forces, and 
stresses in the bars through moving loads, 
ought to be multiplied by a dynamic coef- 
ficient ¢ depending upon the span. For 
parts of the flooring, stringers and trans- 
verse girders, the span to be considered 
is the effective span of these parts. For 
the main girders carried on two supports, 
the span. to consider is the length be- 


tween the supports. In the case of con- 
tinuous girders, the span of the bay is 
taken into account for each bay : for the 
elements in stress on bearings the dy- 
namic coefficient is calculated by taking 
the arithmetic mean of the spans of the 
adjacent bays. : 


In the case of double track bridges the 
coefficient to be used will correspond to 
1 1/2 times the span of the bay : if there 


See AQ gt 


are three or more tracks, it will be cal- 
culated on the supposition of a span of 
double length. 

The moving load corresponding to a 
crowd on a foot-path or foot-bridge is not 
subjected to the dynamic exaggeration : 


an exception is made to this rule in the 
case of a crowd on the side borders of the 
roadway. 

This coefficient is not taken into ac- 
count when calculating the thrust of the 
earthwork. 


Table of the values of the dynamic coefficient @ according to the span. 


Span in metres 


L 5 10 20 


: 0 | 50 90 | 400 
(in feet and inches). (16! 5!) }(32' 10!) | (65! 8'’) | (98'.5") |(131'3")| (164!) |(196!19!")|(229' 81") |(262! 6") |(295" 4!) },328! 1'') 
p | 1.4 | 4.39] 4.87 | 4.36 | 1.34 | 1.33 | 4.32 | 1.30 | 1.28 | 4.27 | 4.25 
Span in metres | L } 4410 | 120 | 430 | 440 | 450 | 460 | 470 | 180 | 490 | 200 
(in feet and inches). (360'11'')|(393! 8!') |(426! 6!') | 459! 4") | (492! 21") 4524111!")|(557! 91") | 59(,". 7!) |(623! 4") | 656! 2/5 
p | 1.24 | 4.22 | 4.24 | 4.49 | 4.48 | 4.16 | 4.45 | 4.48 | 1.42 | 4.4 


60 70 80 


Calculation of the stresses 

and of the permissible limiting stresses. 

The main stresses are those due to the 
dead load, to the moving load and to tem- 
perature effects. 

The total stresses, are those obtained by 
adding to those above the stresses due to 
wind, friction at the bearings, and to the 
bearings being out of line. 

The secondary stresses due to the rigi- 
dity of the fastenings of the bars in the 
trellis girders and equally to the rigidity 
of the joints, stringers, cross girders and 
of cross girders main girders, should not 
be calculated. 

In the case of their being calculated, 
the limiting stresses should be ascer- 
tained. : See 


Limiting working stresses allowable. 


These stresses are limited in compari- 
son with those allowed for constructional 
steel St 37 having 2 400 kgr. (34 120 Ib. 
per square inch) as the apparent limit of 
elasticity. 

For steel of other quality having c, 
as limit of elasticity, the limiting working 
stress allowed should be that of steel 


St 37 x THO" 


Permissible maximum stresses allowed 
in tension and bending. 


a 
Principal stresses, Total stresses, 
in kilograms in kilograms 
per cm2 
(in lb. per 
square inch). 


1 400 (49 900) | 14 600 (22 800) 
4 $20 (25 890) | 2 080 (29 580) 
2 100 (29 900) | 2 400 (34 120) 


per cm? 
(in 1b. per 
square inch), 


St 37 
St 48 
St Si 


Permissible stress in shear = 0.8 of the 
above stresses. 


Open bridges. 


In the case of trellis bridges without 
overhead wind bracing, the open trans- 
verse frame, verticals, and stretchers will 
be calculated as having to resist the two 
transverse forces acting towards the in- 
terior or towards the exterior at the level 
of the booms in compression and equal 
to the 1/100th of the stress of the adja- 
cent element of the boom in compression | 
most highly stressed. 

In the case in which a diagonal element 
of the trellis in compression should be 
held up by a secondary member provided 
for the purpose, it should be calculated 
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under a transverse thrust equal to 
1/100th of the stress along the compres- 
sion axis of the bar. 


Calculation of the wind bracing. 


The maximum allowable unit stress is 
1200 kgr. (17 060 lb.) for St 37, 1560 kgr. 


Maximum allowable stresses when calculating the bearings. 


(22200 lb.) for St 48 and 1800 kgr. 
(25 600 Ib.) for St Si. 
Calculation of the supports. 
In calculating the bearings, the increase 


of the dynamic coefficient for moving 
loads should be taken into account. 


The allowable stresses in compression 
in the details of these bearings, in which 
the area of contact is theoretically a 
point-or a line, are the following : 


Cast iron : 
5 000 kgr. per cm? (71 000 Ib. per sq. inch). 
Steel St 37: 
6 500 kgr. per em? (92 400 lb. per sq. inch). 
Cast steel : 
8 500 kgr. per cm? (120 900 lb. per sq inch). 
Forged steel : 
9 500 ker. per cm? 135 100 1b. per sq. inch) 
under the loads considered when deter- 
mining the main stresses. \ For the whole 
of the loading (total stresses) these limits 
become 6000, 8000, 10000 and 12000 
kgr. per em? (85 300, 113 800, 142 000 and 
170 600 lb. per square inch). 

In the moveable appliances with several 
rollers, these unit loads should be re- 
duced by 1000 kgr. per em? (44200 lb. 
per square inch). 

In the bolts or pins of joints, the maxi- 
mum allowable compression stress of the 
pin is 1.3 times the maximum allowable 
tensile or bending stress. 


Principal stresses. Total stresses. 
KIND 

P Compression, . Compression, 
OF Bending, : ei Bending, ; 5 
METAL, cin Res, nn em? Jf arpa a in bare per cm? in eee. 
(in 1b. per square inch), square inch). (in lb. per square inch). square inch). 

450 (6 400) | \Tensi 500 (7 (on 

Wer Tension....... j ¢ ensl0n....... rn 

LS os Compression. 900 (12 800) tt 000(14 200) (Compression. 1000 (44 00! 100 (15 600) 
Cast steel. . .. 4 800 (25 600) 1 800 (25 600) 2 000 (28 400) 2 000 (28 400) 
Forged steel . . 2 000 (28 400) 2 000 (28 40v) 2 200 (31 200) 2 200 (34 200) 


en 


Allowable stresses on the bearing blocks in 
stone or concrete and on the masonry lying 
under the bearing plates 


1. On the seat when in cement-mortar 
half and half or on the lead packing sheet 
50 kgr. per em? (710 lb. per square inch). 

2. On the seat of the stone bearing 
block on the masonry below it : 

Concrete (1/3/5) : 
25 kgr. per cm? (355 1b. per square inch). 
Ordinary masonry : 


12 kgr. per cm? (170.6 1b. per square inch). | 


3. Allowable bending or shearing stress 
of the granite or hard stone bearing 
block : 15 kgr. per em? (210 lb. per square 
inch). 


Allowable stresses in constructional timber. 
Allowable stresses. 


Log. 
Kind of timber. 


Bending, 
in kgr. per cm2 
(in Ib. per 
square inch). 


90 (1 280 
110 (4.560 


Compression 
in kgr. per cm? 
(in lb. per 
square inch). 


15 (210) 
35 (500) 
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Simplified methods in the preparation of schemes for roads and railways, 


By Domenico RUGGERIT, 


ENGINEER, 
PROFESSOR AT THE ROYAL SCHOOL OF ENGINEERS aT ROME. 


Figs. 1 and 2, p. 852. 


(L'Ingegnere, February 1928.) 


The author proposes to lay out verti- 
cally the cross sections at the intermediate 
points on the longitudinal profile. By join- 
ing up by straight lines the outside points 
of intersection of the cross sections, the 
corrected horizontal projection of the sur- 
face occupied by the road itself to the 
scale of the cross section for height, and 
to that of the longitudinal profile for 
lengths is obtained. By graphically inte- 
grating these projections by intervals, the 
areas of the land occupied are arrived at, 
and in the same way the design of the 
cross sections, the calculation and esti- 
mates for the land occupied can also be 
collected together on the same sheet of 
paper. 

The author then goes on to propose for 
the calculation of the areas and the prepa- 
ration of the preliminary scheme relating 
thereto, a graphical method based on the 
hypothesis that, in the sections. the line 
of the ground is formed by two straight 
lines which meet on the centre line peg. 

He deals with all the areas or part areas 
of the ordinary sections found in practice 
and gives them values by means of for- 
mulze containing the algebraic sum of the 
half product of the segments a = Ay Am 
= width of the bed, b = By Bm = width of 
the section, k = OK = constant distance, 
in each cross section, between the bed and 
the point O at which the slope meets the 
vertical through the peg, and then g = OP 
= k -| h, wherein h is the red ordinate of 
the section. For dissymmetrical sections 


(section 3), for mixed sections (sections 4 
and 5) and for uniform sections as opposed 
to mixed sections (section 3), these seg- 
ments ought to be either sub-divided or 
clearly separated in their corresponding 
leading and trailing parts (a, am, qv, etc.) 
and,in addition, for mixed sections account 
should be taken of the segment ce = KC 
and for the uniform sections following or 
preceding them the segment n = average 
height of the trapezium PK N,No opposed 
to the triangle PKC of the mixed. 

The numerical operations indicated by 
the formule are done graphically at the 
same time-as the diagram of the areas is 
constructed. 


a) For all the sections: 


- 1], The verticals corresponding to the 
cross sections are drawn down and a hori- 
zontal datum line oon which to the right. 
of each section and at a distance 2/ (l=base 
to which reduced) a pole L is marked ; 

2. The diagram of the q’s is drawn, that 
is to say, the longitudinal profile in rela- 
tion to as many horizontals & as there are 
groups of cross sections, each horizontal 
being traced below or above o, as itisa 
ease of fill or cut, and at a distance equal 
to the corresponding section & character- 
istic of the group. For the dissymme- 
trical sections and the mixed, as we have 
two values of k, i. e ,#y = OrK ahead and 
km = OK behind, the profile should be ~ 
drawn out twice; 

3. The horizontals a are drawn at a dis- 
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tance from o equal to the segment oa, the 

ak 
measurement of the area a = A y,An = Cy 
constant for each profile. taking for abscis- 
se ono, OA = « to the left of the vertical 
for a given section of the profile and in 
carrying through A the parallel to the 


radius LK; this parallel meets the ver- ' 


ee 


= 


tical of the profile at the point « through 
which the horizontal « passes. For the 
horizontals « too there is only one (a, for 
the fills and a; for the cuts) in the-symme- 
trical sections; there are two (a» and am) 
for the dissymmetrical sections (both on 
the same side) and for the mixed (for the 
two opposite sides). 


Fig. 4. 


Sect. 3 Sect. 4 Sect. 5 


Fig. 2. 
Figs. 4 and 2. 


b) For uniform groups, if symmetrical 
(sect. 1 and 2), we take on the horizontal o, 
to the right of the section, the abcissa 
OB = b; drawing through B, the parallel 
to the radius LQ corresponding, we get in 
the vertical of the section, the point w, 
which by ow gives the measurement of the 
section, on the base l; if they are dissym- 
metrical (sect. 3), the method is the same, 
but the parts wy and wm of the section’ in 
front of and behind the vertical through 
the peg, are calculated separately, the 
total being made equal to w = wy 4- wm. 

As the figures shew, the same method is 
followed for the mixed groups (sect. 4 


—————————— 
a ooo 


and 5) and for the parts w, and w; of the 
uniform sections preceding or following a 
mixed section (sect. 3). 


In all cases, the ordinates are got in the 
position needed for the construction of the 
diagram area (drawn in figure a) eae 
deduce therefrom, as one knows. the line 
of the volumes. and, consequently. the dis- 
tribution and calculation of the volumes 
to be handled and the distances to be car- 
ried; the whole graphically on a single 
sheet of paper, On which it is also well to 
make a record of the quantities and the 
expenditure on the earth work. 


— 
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Nickel steel for locomotive boilers, 
By CHarLes McKNIGHT, 


METALLURGIST, DEVELOPMENT AND RESEARCH DEPARTMENT, INTERNATIONAL NICKEL COMPANY 


Figs, l-to: 7, 


pp. 855 to &56. 


(The Railway Mechanical Engineer.) 


Two years ago the Canadian Pacific 
Railway in designing some new locomo- 
tives desired to increase the capacity 
and efficiency of their motive power 
without materially increasing the total 
weight. This could be done by increas- 
ing the boiler pressure 25 % but to do 
that without increasing the thickness of 
the boiler plate appeared on the face of 
it to be an impossibility. But the Can- 
adian Pacific successfully accomplished 
the apparently impossible by taking a 
step that they had been investigating and 
considering for some time. This was 
the use of 3 % nickel steel boiler plate of 
70000 Ib. per square inch minimum 
tensile strength. Approximately 30 % 
stronger than carbon steel, its use per- 
mitted an increase in boiler pressure 
from 200 to 250 lb, per square inch with- 
out any change in thickness of the boiler 
plate. A_total of 44 locomotives were 
thus constructed for this company in 
1926; 24 Pacific and 20 Mikado type. 


They have fully justified the expectations | 


of improved performance and efficiency. 

Such an unprecedented step on as large 
a scale as this immediately aroused coun- 
trywide interest, not only among rail- 
road officials but among builders and 
users of other types of boilers. Several 
railroads have translated this interest 


into actuality in the shape of one or more 
locomotives; for example, the new high- 
pressure locomotives of the Delaware & 
Hudson Railroad have nickel steel boil- 
ers. Others are still seriously consider- 
ing it and experimenting. The same is 
true of manufacturers of large stationary 
boilers. 

Unquestionably the Canadian Pacific 
Railway independently pioneered in this 
development. It detracts in no way 
from this road to say that inquiry has 
since developed, that this action was an- 
ticipated more than a quarter of a cen- 
tury ago when the Baldwin Locomotive 
Works built a locomotive with boiler 
shell, firebox and other important parts 
of nickel steel. A few years earlier 
nickel steel plate had been employed for 
the tubes and boilers of the U. S. cruiser 
Chicago. The first stationary boiler of 
nickel steel was also built about the same 
time. That these were not followed by 
more was probably because the demands 
were not as great then as now and also 
a better plate was not necessary. 

Ascertaining definitely that these boil- 
ers had been. built so long ago settled 
quite as definitely the question of what 
life could be expected of nickel steel. 
The boilers of the Chicago are still in 
service after 30 years use, although the 


Se 


(4) Paper presented before the semi-annual meeting of oe American Society for Steel Treating at Mon- 


treal, Quebec, 16-17 February 1928. 
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70 000 minimum. 


7 880 


Ultimate tensile strength, lb. per square i: ch. 


0.20 maximum. 


0.40-0.80 


0.163 


Garbon’ . 2 3-2 


47 550 


Yield point, |b. per square inch........ 


0.557 


Manganese . 


50 °/ ultimate tensile strength. 


0.024 ° 


1 600 000, minimum 20. 


3 


‘ 
t 


3 


SYA 
ed 


Elongation in 8 inches, percent. ...... 


0.045 maximum. 


Phosphorus. . 


Utese 


0.045 maximum. 


0.029 


ae 


Sulphur. . 
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50 


5 


DAA 


Reduction of area, percent.......... 


Not specified. 


0.203 


2.960 


Silicon... . 


Impact value, Izod, foot-pounds........ 63.4 


2.75-3.25 


Nickel 


demands are now light. The same is 
true of the locomotive, which still oper- 
ates after more than 25 years of service. 


Comparison of nickel and carbon 
steel plates. 


During the past two years, beginning 
with the plates rolled for the Canadian 
-acific Railway, data have been collect- 
ed showing the physical characteristics 
of the low carbon 3 % nickel steel boiler 
plates. The averages of results of tests 
on all but a few nickel steel plates which 
have been utilized during this period for 
boiler construction are shown in table I 
and compared with a number of tests on 
carbon steel boiler plate in table II. 

Primarily nickel steel is used because 
of its higher strength with practically 
the same ductility as carbon steel. But, in 
addition, the other qualities which are 
desirable, even necessary, in a boiler are 
developed with nickel steel’ to a higher 
degree than with any other material, so 
that it is peculiarly, almost uniquely, 
suited to boiler requirements. These ad- 
ditional qualities are its physical charac- 
teristics at high temperatures, its excel- 
lent impact values, its resistance to 
embrittlement in boiler service and its 
uniformity. 


High temperature characteristics 
of nickel steel. 


Physical testing of boiler materials at 
room temperatures and under usual con- 
ditions can at best be only an approxi- 
mate guide to the suitability of the ma- 
terial for boiler service. At best the 
working temperature of a boiler is some 
200° F. higher, in a temperature range 
where changes occur in the nature of the 
steel, But even worse, with the tem- 
peratures and pressures now being used, 
the steel enters the « blue-brittle > range, 


where an ordinarily soft and ductile me- 


tal unaccountably loses its toughness 
and becomes very brittle, although the 
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Temperature, degrees F. 


‘ig, 4. — Characteristics of 5 °/o nickel and straight 
carbon boiler sheets at elevated temperatures. 
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Service test of carbon steel boiler plate 
(C 0.11 — M 0.58 — P 0.026 — S 0.81), 
0.8 inch thick X 22.5 feet long, annealed 
before bending at 1 685° F. 


— Graphic of data obtained.on full size long lime 
tests of boiler plate. 
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and <traight carbon boiler stee!s at elevated temperatures. 


Ageing data. 
Recrystallization data. 


Carbon_stell stressed under 
36 000 lb. per square 
inch before ageing. 

Nickel steel under 62 000 lb. 

per square inch befure ageing. 


Stressed under 36 C00 lb. 
per square inch in heat 
6 hours at 1350 F., 
cooled in air. 
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Carbon steel Nickel steel 
Effect of recrystallization, 


Curbon steel Nickel steel 
Effect of ageing. 


Fig. 4. — Comparative ageing and recrystallization tests 
on 5 /o nickel steel and special boiler steel (0.11 °/o carbon), 


: 


strength is greater than when cold. 
A piece of boiler steel which can be bent 
double when cold will break off short at 
this temperature and the fracture will 


have the characteristic blue color which 
alike indicates the temperature and the 
derivation. of the term < blue-brittle- 
ness > (4), 


TABLE II. 


Average of 385 tests on carbon steel boiler plate. 


Average 
per cent. Average. 
Carbonteee tess SZ 0.493 Ultimate tensile strength, lb. per square inch. 59 200 
Manganese se. Sccskew ne. 0.404 Yield point, lb. persquareinch... .... 386 200 
PHOSphORus 2. Peseta es 0.022 Hlongation in 8 inches, percent... ..... 28.04 
Sul phurs ==. nie cetsa 0.033 Heduenton!:Olpavedan mee eee Nepiaee spicuanens (Not determined). 
Tach [AOU wr gtpees pe tate eh tari tere ib b-ate re (Not determined). 


A great deal of research into this mat- 
ter of high temperature characteristics of 
steel has been done recently. The data 
most applicable here seem to be those 
incorporated in figures 1 and 2 (2) (®). 


(1) See « Tensile Properties of Boiler Plate at 
Elevated Temperatures », H. J. Prenan. (Transac- 
tions, American Instilute of Mining and Metallur- 
gical Engineers, 1922, and discussion thereof.) 

(2) Data from « Die Kesselbaustoffe », by P. Gor- 


RENS (Zeitschrift des Vereines Deutscher Ingenieure, 


19 January 1924, vol. 68, No. 3). 

(3) The physical data presented in this paper 
should be considered comparable only in each given 
set of figures. This is particularly true of elinga- 
tions and impact values, which vary widely according 
to the test specimen used. 

In examining the resulls of several thousand 
tensile determinations, the author encountered dis- 
couraging discrepancies, due principally to varying 
conditions of test. The main factor causing dis- 
crepancies seemed to be the finishing temperature 
of the steel as rolled, which caused surprising varia- 
tions of results. If this factor is disregarded, it is 
possible to obtain excellent tensile characteristics 
from a plate entirely unsuited for fabrication or sub- 
sequent service in a boiler. 


In the work on nickel steel in our own and asso-_ 


ciated laboratories, the tensile test specimen was 
invariably the American Society for Testing M4ler- 
ials standard 8-inch plate specimen and the metal 
had been given the thermal treatment customary for 
this type of boiler steel ; i.e., a retarded cooling after 
rolling. 


The superiority at any temperature of 
the nickel steel over carbon steel is ap- 
parent. In figure 1 at 480° F. corres- 
ponding to a saturated steam pressure 
of about 500 Ib. per square inch gage) 
the properties of nickel steel are relati- 
vely low. Nevertheless there is a super- 
iority over the special carbon boiler steel 
of 12.3 % in yield point, 7 % in tensile 
strength, 28 % in elongation and 8.5 % 
in impact resistance. The data embodi- 
ed in this curve are taken directly from 
~the authority quoted and the figures for 
carbon steel refer to a « special boiler 
steel >» of German manufacture. 


Embrittlement in service. 


The high temperature characteristics 


of the metal are buttressed by another 
and unique feature. The boiler designer 
has always been faced by the specter of 


embrittlement in service. It has long 


been known that ordinary tensile tests 
are of little value as indices of perform- 
ance in a boiler. Impact tests, resorted 
to as a means of detecting brittleness 
prior to service, have failed in their pur- 
pose. How misleading such tests can be 
is shown by the report of Goerens pre- 
viously referred to. He discusses the 
phenomena of « ageing » and « recrystal- 
lization » of boiler plate in service and 
then gives interesting data on some~full- 
size long-time tests. The data are too 


~ pee 
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comprehensive and detailed to be includ- 
ed here, but in figure 3 ‘are shown gra- 
phically the essential results. Briefly, 
he first annealed a carbon steel boiler 
plate (0.8 inch by 5.25 feet by 22.5 feet) 
and then formed it by bending as it 
would be formed in a boiler. Tested be- 
fore bending and at intervals of one day, 
one year, 2 1/2 years without actual ser- 
vice, and 2 1/2 years with 17 1/2 months 
in actual boiler service, it was found 
that the strength and elastic limit in- 
creased a little progressively while the 
elongation decreased after bending and 
then remained practically constant. But 
most striking is the serious dropping off 
in impact resistance, from 24.0 to 3.3, a 
decrease of 86.25 %. Small wonder that 
frequent inexplicable boiler failures oc- 
cur through embrittlement and cracking. 

In a way similar to ageing, recrystalli- 
zation affects boiler plate but not to so 
marked a degree. Fortunately, also, the 
effect of recrystallization is not marked- 
ly apparent until temperatures in excess 
of 900° F. are encountered. Practically, 
in a boiler the effects of either ageing or 
recrystallization or both may occur be- 
cause the plates are stressed during 
forming and bending in the manufacture 
of the boiler or they may occur after the 
boiler is in commission as a result of 
stresses which are induced by differ- 
ences in the temperature at various parts 
of the boiler. The injurious effects will 
become more noticeable as the boiler 


pressure and consequent thickness of the. 


plates increase because of the greater 
difficulties of forming, bending and ri- 
veting heavier plate as well as because 
of the fact that increased heating surface 
and higher rates of evaporation offer 
more favorable conditions from tempera- 
ture differences and additional stresses 
in the boiler. 
Nickel stecl resists these two destruc- 
tive agencies to a marked degree, prob- 
ably better than any other steel. The re- 
sults of comparative ageing and recrys- 
tallization tests on 5 % nickel steel and 


« special boiler steel » (carbon 0.11 %; 
manganese, 0.53 %; phosphorus 0.026 %; 
sulphur 0.031 %) are embodied in fig- 
ure 4 which shows conclusively the vast 
superiority of the nickel steel. 


Uniformity of nickel steel. 


It is well known that there is marked 
variation both in the chemical composi- 
tion and tensile results of test pieces 
taken at various parts of a carbon steel 
boiler plate (4) and that when specifica- 
tions are met with tests from one place 
the plate may diverge dangerously from 
the requirements at other places. Ex- 
perience has shown and it has often 
been commented on that one can confi- 
dently expect a much smaller variation 
with nickel steel.. The tables HII and IV 
show the satisfactory results of several 
top and bottom tests, as well as the uni- 
formity of analysis. 

The valuable bend test has been satis- 
factorily met. The specifications usuail- 
ly call for a top transverse bend test and, 
as a general rule, nickel steel not only 
meets the full requirements of a 180° 
bend about a pin whose diameter equals 
the plate thickness, but can be closed 
down flat on itself without cracking. 
There is little difference between the 
bends on carbon steel and nickel steel. 
As a matter of fact, one user stated that 
the bend tests on nickel steel were the 
best he had ever seen. 


Manufacture. 


In the industrial application of nickel 
steels, consideration had to be given to 
the proportion of nickel to be used in the 
steel. It was eventually decided to use 
a 2.75 % to 3.25 % nickel steel. The de- 
sirable characteristics of nickel steels 
are obtained with this steel, although to 


(1) See « Experiments on the Segregation of Steel 
Ingots in Its Relations to Plate Specifications «, by 
C,. L. Husron, (Proceedings, American Society for 
Testing’ Materials, vol. VI). 
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TABLE III. 


Uniformity of tests of nickel steel. 


A Yield point, Tensile strength, 4 
PRs lb. per lb. per Elongation, Areu, 
square inch. square inch, eS EN per cent. 
OULOMMMLOD Gee emt oa aks eae me mene 40 600 77 800 25 56.1 
LUST WARIS. 9. AR nto we Ne Ess alee areas 43 600 76 700 20 36.0 
IS OULOMIM ONCE ee esas HRS. oc, Sete ae 41 100 77 900 28 57.0 
ROD MLE AL Soeresem eens Pe fae Se oe 42 200 17 700 25 48.9 
EL OUCOTIMBLON Siete en cite ars Sgn eek as 43 500 78 400 25 58.2 
ROPSIPANIS teeta Ms eae ares Man ene eee aes , 43100 78 600 25 49.4 
Bottoniclon p= ssn see, eee ke ee 42 100 T7 400 26 59.7 
opRwausapsecesew so cs on ey aaron tn yaar g 41 900 78 000 22.5 51.4 
AVerare variation = percenl <p passers) 2.86 2.70 2.37 11.4 
Average variation, per cent, carbon steel, picked 
at jandomrssame nimher yi sateen ote aes 6.02 
Analysis : Carbon. Manganese. Phosphorus, Sulphur. Nickel. 
Perecen rears. oe ss 0.19 0.55 0.042 0.035 2.95 


aIPAB Ts Be-leVir 


Uniformity of analysis of nickel steel. 


Top, per cent. Bottom, per cent. 
ae eee an 
Warbonce.. .-- 0:29 0.22 0.24 0.15 
Manganese. .. 0.72 0.69 0.73 0.76 


Phosphorus. . 0.018 0.048 0.016 0.046 
Sulphur... . 0.021 0.024 0.027 0.023 


a slightly less degree than with five per 
cent nickel. The cost is less and there 
is the added advantage that.such a steel 
is a standard of which many thousands 
of tons of plate have been made, the 
total eclipsing the aggregate amount of 
all other alloy steel plate ever rolled. 
Table V gives in abbreviated form the 
physical characteristics which have been 
obtained in tests of this steel and which 


Siliconwe ss ies 0.25 0.25 0.23 0.22 are concordant with the results with 5 % 
Nickel... .. 2.62. 2.68 2.66 2.66 nickel steel. 
TABLE V. 


Properties of three per cent nickel steel. 


Tensile tests. 
ng 


68° F. 486° F. 
Ultimate tensile strength, 
Ib. per square inch... 62 200 64 000 
Elastic limit, lb. per square 
CH emo seer eb ps hc. ees 42 700 28 500 
Elongation, per cent... . 27.5 rales) 
Reduction of area, percent. 71.0 63.0 
Impact, foot-pounds. ... 30.6 29.8 


_The decision having been made to em- 
ploy a 3 % nickel steel, there remained 
only to fit the steel to the boiler design. 
At that time a steel of 70000 Ib. -per 


Ageing tests. 
SEE ee 


660° F. Sample. After ageing After recrys- 


tallization. 
54 100 * 62 300 66 900 60 000 
25 600 42 700 59 700 38 000 
33.4 36.0 36.0 33.0 
Tees THO) 67.0 70.0 
28.4 30.4 Rint 29.0 


square inch minimum ultimate tensile 
strength was not only adequate, but ge- 
nerously so. A _ steel having between 
0.15 % and 0.20 % carbon was, therefore, 
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decided upon and it has not been neces- 
sary thus far to depart from that stan- 
dard. 

When the first plates were being roll- 
ed, it was mutually agreed by the consu- 
mer and the manufacturer that in order 
to take the most advantage of the con- 
tained alloy, the nickel steel should be 
« killed » (*), although most boiler piate 
is not so treated. 

With a killed steel, the yield is less 
than with the ordinary steel, on account 
of the piped portion of the ingot which 
must be discarded. A fair figure is 60 % 
or more usable product from the ingot. 
Also a killed steel is prone to have sur- 
face defects, such as « snakes » and 
« pits >. 

These variations in practice with killed 
steels do not detract from their desirabi- 
lity but are, as a matter of fact, guaran- 
tees of superior quality. Killed steels 
for boiler plate have gained a great deal 
of favor recently and by some it is 
thought that for high pressure work they 
will eventually supplant entirely the 
present type. They have one great ad- 
vantage in that their defects are usually 
on the surface and apparent on inspec- 
tion. 

Nickel steel for plate is always killed 
in modern practice and therefore pres- 
ents the same problems of yield and sur- 
face to the manufacturer. It is essential 
that the steel be well made, that approv- 


ed ingot molds and hot-tops be used, that_ 
the heating of ingots prior to rolling be 


given careful attention and that the roll- 
ing itself be conducted so as to ensure 


(!) Briefly, a « killed » steel differs from an « open» 
or « rimming-in » steel in that sufficient silicon, 
manganese, aluminum or other element is added to 
render the steel substantially gas-free after solidifi- 
cation, A secondary effect is that, blowholes being 
no longer present in sufficient volume to counteract 
it, the steel exhibits piping along the center-line of 
the ingot. To lessen this, it is essential to use hot- 
tops and properly designed molds. Silicon is rarely 
in excess of 0.30 °/o in such steels. 


the best possible surface. With these 
precautions, experience has shown that 
there is little difference between nickel 
steel plate and other killed steels, either 
in yield or in rejections on account of 
surface defects. 

One of the problems which was en- 
countered and which had to be over- 
come by the manufacturer was that of 
unintentional heat treating of the nickel 
steel. Ordinary boiler plate is finished 
at the mill in a wide range of tempera-_ 
tures, depending largely on the thickness 
of the plate, and is straightened imme- 
diately after rolling. The continued 
passing of the plate back and forth be- 
tween the leveling rolls has almost the 
same effect as a quench. This does not 
mean a great deal of difference on the 
low carbon steels but when nickel steel 
was so treated, the quick cooling harden- _ 
ed the plates considerably. It was found 
necessary to roll the plates at a tempera- 
ture sufficient to ensure their finishing at 
a good red heat, after which the plates 
were rolled off the hotbed and piled one 
on top of the other and later covered 
with sand. Using this method, it took 
the plates about eight hours to cool down 
to a black heat and this anneal, if it can 
so be termed, resulted in a better product 
and improved bend tests. 

No -difficulties in fabricating nickel 
steel plate have developed and no varia- 
tion from standard practice has been ne-_ 
cessary. Either carbon steel or nickel 
steel rivets can be used, as dictated by 
design, and welding with the arc or gas 
process is perfectly feasible. Nickel 
steel welding rod should be used. 


Possibility of higher strengths 
with nickel steels. 


The plates in the boilers of the Chi- 
cago, of 3.5 % nickel steel, had an ulti- 
mate tensile strength of 80000 to 90000 
lb, per square inch, a yield of 50000 to 
63 000 Ib. per square inch with an elon- 


enol = 


gation in 8 inches of over 20 % and they 
also met with full bend test (4). 

The analysis of nickel steel now being 
extensively used for boilers was selected 
not because it was the ultimum obtain- 


able, but because it meets the present re- 


quirements of strength adequately with 
excellent subsidiary characteristics. It 
now seems possible that the extension of 
some work already undertaken may 
make available another nickel steel as 
much superior to the present nickel steel 
as it is superior to carbon steel. 


Corrosion and firebox cracks 


While only a small consideration in the 
adoption of nickel steel for boilers, a 
feature not to be overlooked is that of 
the increased resistance to corrosion. It 
is, of course, well known that above 20 % 
nickel] confers practical immunity from 
the types of corrosion met with in boil- 
ers and this immunity is proportional to 
the nickel content below that figure. 
With 3 % nickel, tests show a higher re- 
sistance to corrosion than the usual boil- 
er materials. =< 

There always has been trouble with 
firebox sheets of locomotive boilers 
cracking between the staybolt holes and 
this trouble is apparently increasing 
with the increase in the size of boilers 
and the pressures employed. It is usual- 
ly considered that this cracking is fun- 
damentally due to corrosion, but we feel 
that corrosion is of secondary impor- 
tance. It is recognized that when a steel 
has been overstressed and then subjected 
to corrosive agents, the corrosion will 
take place more rapidly where the stress 
has occurred (2). That this condition 


(1) Private Communication, U. S. Navy. Also 
« Nickeled Steel », by A. L. Coxsy (Proceedings, 
American Society for Testing Materials, vol. III, 


~ 1903). 


-(?) See « Rissbildungen und Anfressungen an 
Dampfkesselelementen », by Korper and Pomp 
(Korrosion und Metallschutz, May, 1927). 


exists in firebox sheets which crack, 
seems to be demonstrated by the fact 
that even a superficial examination will 
show that the cracks running from one 
staybolt hole to another take on the ap- 
pearance of magnetic lines of force (see 
fig. 5); i. e. they follow the stress lines. 
We believe it unusual, if it occurs at all, 
for these cracks to run longitudinally or 
parallel with the direction of least strain 
in a firebox sheet. If these conclusions 
are justified, then it is not so much a 
question of corrosion as one of strength 
and resistance to embrittlement and the 
obvious remedy is to apply a stronger 
sheet. 

Nickel steel is of double advantage 
here as its higher strength and resistance 
to embrittlement enable it to resist the 
primary cause, while it is also naturally 
more resistant to corrosion. The first 
to make practical use of nickel stee! for 
firebox sheets was the Canadian Natio- 
nal Railroad about three years ago and 
since then a number of others have made 
experimental installations. There has 
been no failure of nickel steel plate from 
this cause and, on the other hand, in the 
cases where it has been applied as a 
cure, it is reported as being effective. 


Boiler tubes and staybolts 


For boiler tubes the situation regard- 
ing corrosion is exactly the reverse of 
that for shell plate, as corrosion-resist- 
ance is there the primary consideration 
and the increased strength has little to 
do with it. Boiler tubes running from 
0.10 to 0.20 % carbon and containing 
about 2.0 % nickel have shown in actual 
service a life of from seven to fifteen 
times that of carbon steel tubes in dis- 
tricts where the water is bad. — This, of 


course, has been sufficiently encouraging 


to warrant the extended use of nickel 
steel boiler tubes in bad water districts 
and in addition there are a large number 
of railroads who either have nickel steel 
boiler tubes under test or are using them 


as a regular material on some portions 
of their line. Their use is not entirely 
new, as tubes with a higher percentage 
of nickel were used by several of the 
navies, among them our own, as long ago 
as 1900, and ones with a lower percent- 
age only a few years later. The unex- 
plained peculiarity of these tubes has 
been the fact that boiler scale collects to 
a much less degree on them than on the 
ordinary tubes (1). It has been report- 


TaBLE VI. 


Corrosion tests. 


a) Exposure corrosion tests. 


Loss in weight, 
lb. per square foot per year. 
i Se eee | 


eo ~ 


Sea water. Fresh water. 
Wrought iron. (0.1409 0.1275 
Soft steel. .... 0.1642 0.1204 
3 °/o nickel steel . 0.14173 0.4024 


h) Twelve months exposure : Sea water. 


Loss in weight, 


per cent. 
Wrought iron 9. 2 6s a5 Beilketshs} 
0.25 Jo carbou steel . . sees 
3 °/o nickel steel . 1.36 


c) Kaposure to steam and salt water. 


Loss in weight, per cent. 
wwe ee 


Boiling 


Steam ¢ 
2 months. lode NapreanGeen 
Bessemer steel 0.58 4.84 
Open-hearth steel . . 0.33 1.98 
3 °/> nickel steel. . . 0.27 1 00 


Results taken from « Nickel Steel ; Synopsis of 
Experiment and Opinion », by D. B. Browne, 
(Tronsactions. American Institute of Mining and 
Metallurgical Engineers). 


(1) « Non-Corrosive Nickel Steel Boiler Tubes », 
by A. L. Consy (Proceedings, Society of Naval 
Architects and Marine Engineers, vol. 44, p. 135). 
Discussion elicited the fact !hat in a comparative 
test of two boilers, one !ubed with ordinary tubes 
and the other with 3 °/o nickel steel tubes, after five 
mouths’ service the nickel steel tubes were smooth, 
glossy and free from attached scale, while the ordin- 
ary tubes were rough and pitted, with scale covering 
the pitted surface. An eightee: months’ trial 
showed a 7 °/o fuel economy in favor of the boiler 
with nickel steel tubes. 
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Comparison of staybolt materials. 
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ed in at least one case where a boiler 
was tubed partly with carbon steel and 
partly with nickel steel, the nickel steel 
tubes outlived three sets’of carbon steel 
and when they were removed they were 
found to be in practically the same con- 
dition as when they came from the mill, 
that is, with the mill scale perfectly ap- 
parent. 

The primary load ona staybolt is that 
which it is designed to carry a pure 
tensile stress which is not excessive in 
relation to the strength of the materials 
used and which is numerically equal to 
the load due to steam pressure on a 
square of area equal to the product of 
the staybolt spacing distances. But a far 
more important load is that occasioned 
by expansion of the firebox and weaving 
of the boiler. In firing a cold boiler the 
firebox begins to expand longitudinally 
before the shell plates are hot, which re- 
sults in a bending of the staybolts. Evyen- 
tually, the shell is also heated and ex- 
pands, so that the bending is to some 
degree recovered, but this recovery is 
never entirely complete, since there is 
always a marked temperature difference 
between the firebox sheet and the outside 
shell. 

Furthermore, the inside of a_ boiler 
where it is in contact with hot gases is 
very sensitive to temperature changes. 
For example, the opening of the firebox 
door will almost instantly cause a con- 
traction of the arch tubes, and to a lesser 
extent, the boiler tubes. With the clos- 
ing of the door, expansion re-occurs. 
This movement is quite marked and has 
been measured. Any change in position 
of the inside firebox is relative to the 


outer shell of the boiler and naturally, 
therefore, causes bending of the stay- 
bolts. In addition, the entire locomotive 
has a certain amount of vibration. 


The result of all these factors is that 
staybolts are subject to vibration and 
continual, even if slight, bending motion 
while under tensile stress, and ideal fa- 
tigue conditions are established, which 
may lead to a failure. 

Corrosion is also one of the important 
factors affecting staybolts. Located in 
the worst places in a boiler from a view- 
point of corrosion and subjected to 
stresses and to a temperature difference 
between the ends, both of which induce 
chemical corrosion, the staybolt has al- 
ways been peculiarly subject to rusting 
and pitting and one of the main consi- 
derations influencing the choice of ma- 
terial has been the ability to resist cor- 
rosion. 

Steel has been replacing other mater- 
ials used for staybolts quite rapidly and 
of the various compositions of steel used 
it is noteworthy that almost all contain 


~nickel in amounts varying from 0.50 to 


3.50 %. The analysis most often used is 
a very low carbon 2 % nickel steel. For 
staybolt service such a stcel is superior 
to any other material as it is strong 
enough for the duty, yet remarkably duc- 
tile, has good resistance to fatigue and 
remarkable impact values. On test this 
type of steel has consistently shown im- 
pact values of such high order that no 
other steel is in the same class. 

A comparison between staybolt mater- 
ial of wrought iron, steel and nickel steel 
is shown in table VIT. 
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Calculating the stopping distances of trains, 
By G. E. TERWILLIGER, 


SUPERVISOR OF AUXILIARY EQUIPMENT, NEW YORK, NEW HAVEN & HARTFORD, NEW HAVEN, CONN, 


(The Railway Mechanical Engineer). 


Few air brake supervisors and fore- 
men are high school graduates and fewer 
still ever went to college. In the major- 
ity of cases they have arrived at their 
present positions through many years of 
very practical training either as a loco- 
motive engineman, or in the brake re- 
pair room in the shop. Usually, they 
have started railroading in their early 
youth. So far, I have been unable to 
find a handbook of which the author 
has appeared to be cognizant of this si- 
tuation. Quite often they skip seeming- 
ly unimportant steps in the derivation of 
formulas with a nonchalance that is sur- 
prising. Undoubtedly, it may seem sim- 
ple to the author, but it is all Greek to 
many men who are expected to use the 
information. 

This presents a situation, however, 
that is serious in many respects. It is 
a customary thing for the air brake su- 
pervisor to be called into court as a wit- 
ness to give expert testimony. Testify- 
ing for the railroad in rear end collisions 
or highway crossing accident cases 
means that he must know his stuff. The 
average lawyer is never satisfied with 
the mere statement of a formula; he 
usually asks questions relative to the de- 
rivation, if for no other object than to 
embarrass or confuse the witness. 

Take for example the formula com- 
monly used in computing the stopping 


distance of moving trains. 
mula, which is 
V,? E 
30 Pep * vet 

is found in practically all handbooks on 
air brakes. Still, the writer will chal- 
lenge anyone to find in any of the hand- 
books an explanation of the constant 30. 
It is indeed a delight to study the deri- 
vation of such a formula as this and 
note how the author blithely tells us to 
use this constant, but neglects to tell what 
it is and where it came from. 

In making studies of stopping distances 
of moving bodies, an understanding of 
certain fundamentals is necessary if the 
subject is to be of any material value to 
the reader. It is not our purpose in this 
discussion to dwell upon the mechanics 
‘of the subject in detail, but to show the 
derivation of some of the terms or values 
used in this formula, which is so impor- 
tant to air brake men, 


This for- 


Explanation of the train-stop formula. 


In the formula given in the preceding 
paragraph 


V, = Velocity in miles per hour (before 
the brake application starts), 

Ve = Velocity in feet per second when 
the brake application starts, 

30 = A constant, 


Be ig 
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P = Braking ratio, 
e= The efficiency of the brake rig- 
ging, 
‘= Coefficient of friction, 
T= Time required to get the brakes 
applied, in seconds. 


The miles per hour, V, is found by 
multiplying the number of feet per sec- 
ond by the number of seconds per minute 
and the number of minutes in one hour 
(which gives the number of feet per 
hour) and dividing by 5 280, the number 
of feet per mile, which gives the speed 
in miles per hour. The speed in feet per 
second, for example, at one mile per 
hour, is found by dividing 3600, the 
number of seconds per hour, into 5 280, 
the number of. feet per mile; thus 


' 5 280 

3600 > 1.467. 
If the speed in miles per hour is known, 
the speed in feet per second may be 
found by multiplying 1.467 by the speed 
in miles per hour; thus 1.467 x 60 = 88, 
or 88 feet per second, at 60 miles per 
hour. If the time consumed in seconds 
in running 1 mile is known, the speed 
in miles per hour can be determined by 
dividing the time consumed in running 
one mile (in seconds) into the number 
of seconds in one hour, thus 


eai00 = 60 miles per hour, or- 
60 
te ==30 miles per hour.— 


The value of the braking ratio P refers 
to the relation of the total braking force 
_ (brake shoe pressure) to the light weight 

of a car. For example, consider a car 
weighing 100000 lb., with a total brak- 
ing force of 90000 Ib., the braking ratio 
is 
: 90 000 

100 000 


The recommended braking ratio for 


or 90 %o. 


= tin Teka tS) 


freights cars is 60 % of the light weight 
and for passenger cars it is 90 % of the 
light weight. These ratios are based on 
50 and 60 1b, brake cylinder pressure, 
respectively. 

Now consider the car above referred 
to as having a braking ratio of 90 % of 
the light weight and assume that there 
is a load of 20000 Ib. in it, making the 
total weight, 100 000 + 20000 = 120000 
Ib. The braking ratio is now 


90 000 s 
130 090 ee 
Another important factor in this con- 
nection is the actual brake cylinder va- 
lue. Assuming the 100 000-lb. car in 
question, braking at 90 %, based on 60 Ib. 
brake cylinder pressure, the braking ra- 
tio per pound of brake cylinder pressure 
is 
90 


— Or 1.5 5. 


Let us suppose that instead of the car 
being loaded and obtaining 60-lb. brake 
cylinder pressure, the car is empty and 
90-lb. brake cylinder pressure is obtain- 
ed, the braking ratio under these condi- 
tions would be. 1.5 x 90, or 135 %. On 
the other hand, if only 50-lb. brake cyl- 
inder pressure is obtained, our braking 
ratio would be 1.5 x 50, or 75 %. These 
stand cut prominently and appreciably 
vary the length of stop. Leaking of 
brake cylinder packing, lack of inspec- 
tion and inadequate supervision and 
maintenance are the contributing fac- 
tors that raise or lower the value P. 
The value e refers to the efficiency of 
the foundation brake rigging or the re- 
lation between the actual and calculated 
brake shoe pressure; the former may be 
more or Jess than the latter. However, 
whether it is more or less will depend 
upon design and maintenance. It will 
be obvious that adequate supervision and 
proper maintenance play an important 
part in assuring that the value e does not 
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vary materially. Considering again the 
car above referred to as weighing 100 000 
lb. and braking at 90 %, if the brake 
rigging efficiency is 80 %, then the brak- 
ing ratio would be 0.80 x 0.90, or 72 %. 

The value / refers to the coefficient 
of friction and may be defined as the 
measure of tangential force acting on a 
wheel in relation to the normal brake 
shoe pressure. This value varies with 
the speed, time and other conditions 
which tend to create what may be defin- 
ed as lubricant between the brake shoe 
and the wheel with which it is in con- 
tact. Figures taken from the report of 
the Westinghouse-Galton tests indicate 
for example at 40 miles per hour, that the 
maximum and minimum coefficients of 
friction were 0.194 and 0.088, respective- 
ly and the average or mean was 0.14. 

The product of ef is termed the effi- 
ciency factor and if raised or lowered 
singly or otherwise, the stopping dis- 
tance will be varied correspondingly. 

The constant 30, which none of the 
handbook writers seem to want to talk 
about, refers to necessary factors in the 
mechanics of the subject and is found by 
dividing the square of 1.467 into 2x 32.2. 
This equals 29.92 and for convenience is 
taken as 30. 


KE = 1/2 MV? where, 

KE = Kinetie energy in foot-pounds, 
M = Mass, : 
V = Velocity in feet per second. 

The mass M is equal to the weight, di- 


vided by the acceleration due to the ac- 
tion of gravity or 


W 
M = ee in which 


W = weight or force, 
4 = 32.2 feet per second per second, the 
acceleration due_to gravity. 


Substituting this value of mass in the 
kinetic energy formula, we have 
wv? 


22° 


Kis 


It will be remembered that the value 
of V,, the velocity, expressed in miles 
per hour, is equal to 1.467 times V, the 
value of the velocity expressed in terms 
of feet per second. If we substitute this 
for V in the equation, it becomes 


W (1 467 V1)? 


EE = 
2X 32.2 
It has already been pointed out that 
2-% 32.2 21.4672 S030... Hence 
Wie 


KE 


It is for the same reason that the con- 
stant 30 is used in that part of the for- 
mula for the stopping distance in which 
velocity is expressed in miles per hour. 

The braking force is that which pre- 
vents or stops the motion of a car. When 
a car is in motion it possesses kinetic 
energy, or a certain capacity for doing 
work, It is expressed in foot-pounds. 
and is equal to one-half of the product 
of the mass times the square of the ve- 
locity, as explained above. As an ex- 
ample, the number of foot-pounds of 
work contained in a car moving 30 miles. 
per hour (44 feet per second), weighing 
20000 Ib. would be 200003030 : 30 
= 600 000 foot-pounds. 

When brake shoe pressure is applied 
to the wheels of a moving car the kinetic 
energy in the car works against the re- 
sistance of friction and must be over- 
come if the speed of a car or train of 
cars is to be retarded. 


Tests which have been made indicate 
that when a full service brake applica- 
tion of 24 lb. brake pipe reduction is. 
made pneumatically in approximately 
15.5 seconds from an initial brake pipe 
pressure of 110 lb. with a nine-car pas- 
senger train, then the value T plays an 
important part in train stop computa- 
tions. In other words this factor refers 
to the time required to obtain a full serv- 
ice brake application. The time to get 
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the brakes applied, times the velocity in 
feet per second, V,, should be added to 
the value obtained from 


V2 
30 Pef” 


although there may be some decelera- 
tion realized during the time the brakes 
are being applied. Making this addition 
will allow _a margin for safety. 


A practical application. 


We are now ready to apply the for- 
mula in the stoppage of a nine-car train 
from an initial speed of 40 miles per 
hour 


Vi2 
Vv “iby 
30Pef * 
or, written another way 
40 X 40 
Les ee (58.6 & 15 5)= 
30 X 0.90 X 0.80 X 0.140 


1 600 


30 & 0.90 & 0.80 & 0.14 % 
If one or more of the factors P, e or f is 
increased the theoretical stopping dis- 
tance will be varied 


1 600 


——______________ + 908 = | 267. 
30 & 0.90 X 0.85 & 0.194 
In the last computation 0.85 was used 

as the value for e and 0.194 for /, the ma- 
ximum co-efficient of friction recorded 
in the report of the Westinghouse-Galton 
tests, instead of 0.80 and 0.14 as in the 
former case. 

From the above it will be noted that 
the stopping distance from a given speed 
will vary considerably, depending upon 
the factors involved in the computation. 

In addition to the foregoing, perhaps 
there is nothing that affects the stopping 
distance to as great an extent as does 
the length of the train where pneumatic 
brakes are employed. It may be of in- 


terest to the reader to stress the fact that 
the longer the train the longer it requires 
to get the brakes fully applied. A con- 
tinuous service brake pipe reduction of 
20 lb. requires approximately one minute 
with a train of 75 cars. 

As explained above, the braking ratio 
is materially affected by the load to light 
ratio of a car or cars. For example, 
take a train of 75 cars all having light 
weights of 30000 Ib. each and a load 
capacity of 60000 lb. This means that 
the load to light ratio is 


30 000 + 60 000 
30 000 


or 3 to 1, and if the braking ratio is 60 “% 
of the light weight the braking ratio of 
: ne 21) 
the cars in question is ae or 1/3 of 60, 
B : 
or 20 %. The stopping distance for such 
a train is obviously much greater than 
that for a passenger train where the 
braking ratio is not materially reduced 
by the load in the cars. 


Stopping a 75-car train 


Let us now apply the above formula 
to the stopping of a 75-car freight train, 
where 

V, = 40 miles per hour, 
ih == ADE 5. 
i= SOOT. 
fe Oreo 
40? 
30 0.20 x 0.80 X 0.194 
1 600 
™ 30 X 0.20 X 0.80 X 0.194 


+586 xX 60 = 


+ 3516 = 5 226. 


The value P therefore is a factor which 
must be known before any determina- 
tion can be reached as to what the stop- 
ping distance may be. 

In addition to the foregoing it may be 
necessary to consider the effect of the 
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gradient. When stops are made on a 
descending grade the formula is 


Vi? 

30 (Ref — G) 

or if on an ascending grade, 
v2 

BUNBef soy 


+VoT 


oa Vat 


The value G refers to the per cent 
grade and is expressed as a decimal. If 
the gradient involved in a computation 
is 1/2 of 1 % descending, the decimal 
(0.005 should be subtracted from the pro- 
duct of Pef. If on an ascending grade 
it should be added to the product of Pef. 


Example: Find the stopping distance 
of a passenger train from an initial speed 
of 40 miles per hour on a descending 
grade of 1/2 of 1 %. 


402 ; 
DRP—G) uty te = 


+V2T = 


~ 30(0.90 X a X 0.19 — 0.005) 


1 600 
a 22 fest, 


If on an ascending grade we would have ; 


1 600 


eee ee 


In the case of a frig train with the 
following values : 


402 
30 (0.20 K 0.85 & U.L9 — 


1 600 
= 
a aT meee 528 = 1 959+ 3 528 = 5 487 feet. 


If on an ascending grade we would have 


1 600 
ie 1.119 


“What a difference in the stopping dis- 
tance of a freight train of 75 loaded cars 
on a 1/2 of 1 % grade descending and a 
passenger train of nine cars on a level 
track! But this is not all. The values 
for P used in the above calculations may 
be lower than those used; it may be as 

low as 0.15. This is simply to show that 
the fast moving freight train with a low 
braking ratio should be considered when 
spacing block signals or in the spacing 
of trains, especially if long, heavy trains 
are to be operated between passenger > 
trains. 

These computations do not take | MRE 
consideration the delay time encounter-— 
ed in train control territory nor of the 
effect of the throttle being left open dur- | 
ing the progress of the stop. Whatever 
the delay eon Gas be in 
be m the 


+ 6 iste 
0.005) + eta 
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—— + 3 528 = 1 439+ 3 528 = 4 957 feet. 
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3il-lever power signal frame for London Bridge, Southern Railway. 


Figs. 1 to 8, pp. 870 to 875. 


(The Railway Gazette.) 


In The Railway Gazette dated 17 Fe- 
bruary 1928, general particulars were 
given of the new signal cabin, power 
frame, and signalling brought into use by 
the Southern Railway in June 1928 at 
London Bridge. This power frame, 
which has 311 levers, is one of the largest 
placed in service, while it includes many 
interesting features. It has been con- 
structed in record time, and by courtesy 
of the Southern Railway and of the West- 
inghouse Brake & Saxby Signal Co., Ltd., 
we are now enabled to give a signal plan 
of the lines and signals it controls and 
to reproduce a series of photographic 
views showing the frame erected for test 
and demonstration purposes at Chippen- 
ham prior to transfer to London for wir- 
ing up and completion. 


Combination of station working. 


Prior to grouping the London, Brigh- 
ton & South Coast and South Eastern & 
Chatham stations at London Bridge were 
quite independent, but the association 
of the two companies necessitated con- 
nections from one to the other a short 
distance beyond the stations, owing to 
the fact that certain South Easthern & 
Chatham train services were transferred 
to « Brighton » metals by virtue of run- 
ning power arrangements dating from 
early days. Further, the tracks of the two 


X—6 


sections ran side by side for some dis- 
tance, and in view of the fact that future 
train service developments may involve 
still more interworking, it was decided, 
in introducing the new signalling, to con- 
centrate the control of both stations, to- 
gether with the Low Level section of the 
South Eastern & Chatham station, in one 
signal cabin. A new building to accom- 
modate it has been erected on a site be- 
tween the two main stations, and con- 
sists of a brick building, 113 feet long 
and 14 ft. 7 in. wide, constructed in three 
storeys. The top storey accommodates 
the power frame, the length of which is 
over 64 feet, while the interlocking ex- 
tends down to the floor below. ‘The re- 
mainder of the building accommodates 
relays, batteries, appliances, etc. Above 
the frame on the top storey are two large 
spot-light track diagrams, each 18 feet 
long, together with indicators, train de- 
scribers, and other fittings and appli- 
ances as are necessary. 2 


Lay-out and signals. 


The track plan reproduced shows the 
whole of the area which is controlled by 
this cabin. The track diagram in the 
cabin corresponds thereto, with the ad- 
dition of the spot lights controlled by the 
respective track circuits. As will be seen, 
there are 11 platform lines in the < Brigh- 
ton » station — four in the Low Level 
station, and six, with one through line, 
in the South Eastern & Chatham. main 
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Fig. 4. — Iluminated signal diagram (witl 


The two sections will be mounted as one diagram. Owi 
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SPA ROAD STATION. 


Fig. 2 (continuation), showing lines and signals onwards to Spa Road. 


station, together with a few‘sidings, turn- 
table and coal stage in the « Brighton » 
station, and a complex series of connec- 
tions and interconnections. Beyond the 
station there are for some distance 11 
tracks with other interconnections, and 
farther along still, adjacent to where Spa 
Road station used to be, there are 
12 tracks. The new signal cabin there- 
fore controls all traffic movements in the 


« Brighton » and Low Level stations and 
at the eastern end of the South Eastern 
& Chatham main station. As the latter 
is a through station, traffic working at 
the western end is under the control of 
Borough Market cabin, where, also, a 
power frame is installed, though 36 levers 
suffice in this case. The new main cabin 
thus replaces four signal-boxes, involving 
574 mechanieal levers. Of these, London 


3. — General view of frame at builder's works. 
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Fig. 


Bridge North and London Bridge « B > 
are large boxes, London Bridge South 
and London Bridge < C » being smaller. 
The new Borough Market signal-box re- 
places the present Borough Market and 
London Bridge <« A » boxes, which togeth- 
er have 62 mechanical levers. Formerly 
the services of about 50 signalmen and 
12 signal lads were utilised, whereas the 
new box is worked by 16 men with eight 
signal lads. About 2000 trains daily 
have to be handled, together with a cer- 
tain amount of station and engine shunt- 
ing in the « Brighton » and Low Leyel 
stations. 

The whole of the area concerned has 
been continuously track-circuited at 75 
cycles A. C., these tracks controlling : 


a) Signal lamp circuits; 

b) Point lever locks, normal and re- 
verse; 

c) Front signal lever locks, except in 
the case of platform starting signals; 

d) Signal lever back lock. 


The track circuits are of two types: 
single rail, condenser fed; and double 
rail, reactance fed, with resonated im- 
pedence bonds. 


Relays and locking circuits. 


As the signalling is to some extent au- 
tomatic, particularly beyond station con- 
nections, the relays for the automatic and 
the first of the series of controlled sig- 
nals, together with those for track cir- 
cuits over 500 yards from the box, are 
accommodated on local sites; all others 
are, however, placed in the signal cabin. 
They are classified as follows : 


a) Track relays, 2-element vane type, 
local coil 110 volts, track coil 1-2 volts for 
reactance feed, 110 volts for condenser 
feed; 

b) Point indicator relays, 3-position, 
2-element, local and feed coils, 110 volts. 


The locking circuits are operated at 
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Fig. 6. — View of mechanical interlocking below frame. 


110 volts A. C., and consist of the follow- 
ing: 

a) Front Jocks, circuits energised by 
the closing of the appropriate relay con- 
‘ ; tacts, i. e., track circuits and point detec- 
: tors; 

b) Check locks on point levers, normal 
and reverse, operated through track and 
point detector relays. Check lock on re- 
placing stroke of signal levers, circuits 
energised by signal returning to danger; 

c) Signals back locks energised by ap- 
propriate track circuits clear. 


The points are electrically operated by 
130-volt D. C. series machines, with dou- 
ble field windings for normal and reverse 
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operation. They are operated from a 
battery charged by a motor generator run 
from the D. C. current rail. The signals 
are 4-aspect on the Eastern section, and 
3-aspect on the Central section. Colour 
light signals have 24-watt double filament 
lamps, 12 volt, 75 cycle A. C. « Double 
yellow » and « green > signal aspects are 
controlled by relays of signals ahead. 
The section of line between Bricklayers’ 
Arms and London Bridge is equipped 
with 3-aspect automatic signals on both 
roads; the remainder are controlled from 
London Bridge and Borough Market. The 
equipment of this section of the line re- 
sults in the closing of Abbey Street, 
St. James Road, up Croydon Line, and 
South Bermondsey boxes. ; 
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The following special features may be 
mentioned ; 


a) Automatic signals do not give the 
« clear » indication unless either : 

1. The signal ahead is properly re- 
turned to danger behind the 
last train, or 

2. The line is clear for an appro- 
priate distance ahead, 


jy) Approach locking. When the train 
has approached within a predetermined 
distance of the signal, the road cannot be 
altered until the train has passed clear 
of the junction ahead concerned; — 

c) Approach control. Wherever a 


speed restriction is necessary for cross- | 


over roads, etc., a signal remains at dan- 
ger, even though the lever is pulled, until 
the train has arrived within a pre-deter- 
mined distance of the signal; 

d) All signals aspects and route indica- 
_tions, and the normal or reverse position 
of the points, are shown by miniature 
lamps behind the levers in the frame; 

e) The illuminated diagrams are fitted 
with leakage indicators which show a 
breakdown in insulation resistance to 


earth on either the positives or the nega- | 
tives of the signalling wiring system. — 
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volved. The frame itself is 64 feet pee 


in a corner of the diagram illustrated ; 
above (fig. 1). 


Demonstration 
and tests at builders’ works. 


As erected at Chippenham, the frame 
was, of course, unencased and had not 
been wired. This part of the work must 
necessarily be done on the sile, and was 
carried out by the signal staff of the 
Southern Railway, who have also been 
responsible for the erection of the signals 
and fitting of point machines, in con- 
junction with the staff of the Engineer’s 
Department, which has also been con- 
cerned with the laying of conductor rails 
on tracks newly equipped for electric 
traction and for certain track alterations. 
The views reproduced show the com- 
plexity of the frame and the notable cha- 
racter of the mechanical interlocking in- 
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and represents a weight of about 23 tons. 
On the occasion of our visit the 

was undergoing severe ae 
and final touches prior to- 
for transfer to London, 
in hand on the light s 
chines, relays and other 
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Yard costs cut 17 per cent. 


Figs. 


1 to 4, pp. 878 and 879. 


(Railway Age.) 


On 8 February 1926, the Hlinois Cen- 
tral placed in service at East St. Louis, 
lll., a gravity yard equipped with elec- 
trically operated car retarders. As a 
result of the efficient operation of these 
facilities, the average cost per car hand- 
led has been reduced from 53.27 cents 
in 1925 to 44.18 cents in 1927, a decrease 
of 17 %. The total yard switching ex- 
pense was $475 970 in 1925 and $415 643 
in 1927, while the number of cars hand- 
led increased from 893562 in 1925 to 
943 425 in 1927. In other words, 49 863 
more cars were handled in 1927 than in 
1925, while the total expense decreased 
12.7 %. During the same period, the-re- 
venue switch engine hours were reduced 
from 62636 to 48 149 and the number of 
cars handled per revenue switch engine 
hour was increased from 14.3 in 1925 to 
19.6 in 1927. 

The saving represented by the above 
figures does not include the more intan- 
gible savings effected by the reduction 
in damage claims, the complete elimin- 
ation of personal injuries, the reduction 
in damage to equipment and the increas- 
ed speed with which cars move through 
the yard. 

These results are particularly interest- 
ing, since they seem to disprove the more 
or less general opinion that a hump yar¢ 
installation is only’ justified in places 
where the business handled averages 
2000 or more cars per day. The num- 
ber of cars actually humped at East St. 
Louis yard in 1927 was 349 330 or some- 


what less than 1000 cars per day. The 
lay-out of the yard is also at variance 
with the usual design of a gravity yard 
handling cars in both directions. The 
normal Jay-out in such cases, as reflect- 
ed in some of the largest yards in the 
country, is to have two complete sets of 
yards, each set consisting of a receiving 
yard, classification yard and departure 
yard, ior one direction. ~At Eastast. 
Louis, as shown in the accompanying 
diagram (fig. 1), and explained in more 
detail later, the business in both direc- 
tions is brought into one receiving yard, 
taken over one hump into the same clas- 
sification yard and the departure yards 
are dispensed with entirely. 

The original yard at East St. Louis was 
established to take care of the inter- 
change with connecting lines at that 
point and to serve as the breaking point 
for many southbound manifest trains, 
the heavy coal ttraffic moving north and 
west and much mixed freight traffic for 
other roads. Most of the interchange 
traffic is handled through the medium 
of the Terminal Railroad Association of 
St. Louis, for which line three separate 
classifications are made, depending upon 
the trunk line to which the freight is to 
be delivered. 

The receiving yard is 4 300 feet long 
and contains 13 tracks, with a total ca- 
pacity of 1 050 cars. The classification 
yard is about 4900 feet long and con- 
tains 26 tracks. Of these, 20 are used 
for classification purposes, having a total 
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capacity of 1975 cars. A double-track - 
thoroughfare for yard and light engines 
is provided and the north and _ south- 
i - bound main tracks are on the east and 
i west sides of the yards respectively. 
| The car retarder installation, which 
was installed in this yard by the General 
Railway Signal Company, was described 
in the Railway Age of 6 March 1926, 
page 593. One two-indication and three 
three-indication color-light signals are 
used in controlling the movements of 
the humping and trimmer engines. The 
humping signals display four indications 
and the trimmer signals two. ; 
The yard is equipped with a three-’ 
section mechanical hump, which is ad- 
justable te compensate for extremes in 
weather conditions. Ulumination is pro- | 
vided by three 4 000-watt flood-lights, 
situated on 120-foot towers. A 72-foot, 
150-ton- plate fulcrum automatic track 
scale has been installed near the top of 
the hump and about 40 % of the cars 
humped are weighed. 
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Operating methods and ‘results 


As stated previously, all traffic, 
northbound and Q 
me ce the same 


podtapht directly into t] 
and the cars are humped i 
— tracks at paid? 


+4 


. Only one. set of yards is used for classification in both directions. 
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TABLE I. 


Cars handled over hump. 


Bits toll 


5 January. 6 January. 


Number 


ime over. 
of cars, Tha 


Time over. 


ates | Time high, 


Time high, 
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A check of humping operations, made 
on 5-6 January 1928, revealed an effi- 
cient performance. The details of the 
work performed on these two days are 
given in table I. On 6 January, 1175 
cars were humped in a total elapsed time 
of 8 h.55 m. Deducting the usual 20-mi- 
nute lunch period, this is at the rate of 
2 1/3 cars per minute for the entire shift. 
Eliminating the intervals between cuts, 
it wiJl be noted that these 1175 cars 
were handled in 267 minutes actual 
humping time, or 4.4 cars per minute. 
Between 12.15 and 12.30 p.m., 85 cars 
were humped, or 5 2/3 cars per minute 
and a humping speed of five or more cars 
per minute was attained at other inter- 
vals throughout the day. Other interest- 


ing performances during the same per- 
iod included 28 cars humped in 3 mi- 
nutes, on 4 January, or 9 1/3 cars per 
minute; on 7 January, 86 cars were 
humped in 10 minutes, or 8.6 cars per 
minute, and on 8 January, 80 cars were 
humped in 12 minutes or 6 2/3 cars per 
minute. 

Table II gives the total yard switching 
expense by months for 1925, 1926 and 
1927. In studying this table and also the 
following detailed figures, the differences 
in the number of cars handled should be 
borne in mind. The yard accommodated 
12568 more cars in 1926 than in 1925, 
and 37925 more cars in 1927 than in 
1926, or 49 863 more cars in 1927 than 
in 1925. 


TAB rE ls 


Total yard switching expenses, 1925-1926-4927. 


January . 
February. 
March 
April . 

May 

June . 
July 
August 
September 
October . 


November 


December 


Total 


a ea lrat bc tala te eee el per month. 


‘The principal reductions made in 
switching expense were, of course, in 
_the wages of yard conductors, brakemen 
and enginemen. These wages - totaled 


1925 ee ee 1926 1927 
$50 551. $45 835 $39 347 
41 514 38 466 36 382 - 
39 007 39 928 39 338 
85 437 35 519 32 246 
35 929 33 679 30 958 
34 715 34 440 29 813 
35 1 35 083 35 407 
38 015 36 040 32 669 
38 548 36 432 34-190 
40 853 39 162 35 265 
42 144 39 654 34 397 
45 276 41 076 35 634 
” g475 970 — 970° ~ $455 283 $415 643 
39 764 37 940 34 637 


$254 899 in 1925, $ 222 842 in 1926 and 
$209 620 in 1927. The wages of the re- 
tarder operators, amounting to $22 954 
in ‘1926 and $18 2416 in 1927, should of 


Taste Ill, — Comparative details of yard operation. 
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February . 
March . 
April 


May 


June 


July 


August 


September 
October 


November 


December. 
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Average per month. 


course be added to the figures for those 
years before the wage reduction can be 
computed, but even after this is added, 
the wage reduction in these items 
amounted to $9103 in 1926 and $27 063 
in 1927 as compared with 1925. Yard 
clerks’ wages amounted. to $63 769 in 
1925 and $54 330 in 1927, a decrease of 
$9 439. 


The total revenue switch engine hours 
amounted to 62636 in 1925, 51653 in 
1926 and 48129 in 1927. The resulting 
saving in fuel consumption was $1 035 in 
1926 and $7 230 is 1927. The steadily 
increasing efficiency of the yard as the 
men and officers become more familiar 
with the new operating methods is re- 
flected in the decreasing cost per car 
handled. In August 1925, for example, 
this cost was 54.16 cents, in August 1926, 
46.54 cents and August 1927, 37.21 cents, 
a reduction of 16.95 cents per car or 
31.3 % in August 1927, compared with 
the same month in 1925. During the 
same months, the average number of cars 
handled per switch engine hour increas- 
ed materially being 13.5 in August 1925, 
19.1 in 1926, and 22.6 in 1927, the latter 
being an increase of 9.1 cars per hour, 
or 60.7 %. 


The Jargest saving in the total yard 
switching expense for any one month 
was in January 1927, when the total ex- 
penses amounted to $39 347 as compared 
with $50 551 for the same month in 1925, 
a saving of $11 204 during one month’s 


operations. cd 
~~ 


Table III gives the details concerning 
the number of cars handled, the average 
cost per car, the number of revenue 
switch engine hours and the number of 
cars handled per switch engine hour. 


As the men and officers grow more 
familiar with the operating details, the 
work and the supervision show a mater- 
ial improvement, which. is reflected in 
the statistics. Since the yard was not 
installed in its present form until 1 Fe- « 


— 883 — 


dbruary 1926, the following figures repres- 
ent the last 11 months of each year only. 
During this period of 1926, the total yard 
switching expense was $409 449 as com- 
pared with $376 276 in 1927, or an aver- 


age per month of $37 222 and $34 207 


respectively. In addition, 37911 more 
cars were handled in 1927 than in 1926, 
or 866817 as compared with 828 906. 
‘The average cost per car handled shows 
a material decrease, being 49.49 cents in 
1926 and 43.49 cents in 1927, or a reduc- 
- tion of 6 cents per car. 

_ Despite the increased business, reve- 


nue switch engine hours were reduced 


from 46 198 in 1926 to 43 572 in 1927, the 
cost per revenue switch engine hour 
from $8.86 to $8.66 and the cars handled 
per revenue switch engine hour were in- 
ereased irom 17.9 to: 19.9. “Among=the 
other economies effected in 1927, was 
the discontinuance of the hump pusher 
engine early in April. In 1926, a total 
of 5959 hours was worked by the hump 
pusher, as compared with 936 hours in 
1927. These figures are not included in 
the revenue switch engine hours. In 
other words, a reduction of 7649 hours 
was effected in switch engine hours, al- 
though 37 911 more cars were handled. 


MISCELLANEOUS INFORMATION 
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1. Silicon steel for 


The German steel industry is at the present 
time manufacturing a silicon steel possessing 
remarkable qualities as constructional steel 
for building purposes. ~The Doctor Engineer 
Koppenberg, Riesa, devotes to it an article 
containing much interesting information in the 
review Der Bawingenieur, number 18, 1928. 

The successful manufacture of this steel in 
the Martin furnace has required much trouble 
and has taken a long time. 

Its average chemical composition is : 


C:- 0.1 t0.0,18:4/5- 

Mn: 0.8 to 1.00% 9; : 

Si: 0.7 to 1.00 J; zs 
Ph: not exceeding 0.06 %/,; 

Sz not exceeding 0.05 5; 


For large sections the carbon content has to 
be raised to 0.2 % to get the minimum ap- 
parent limit of elasticity. 

The average physical tests taken over a 
year’s manufacture have been : 


_ Apparent elastic 
39 ker. per 
ish tons 


inate 


limit tree ae 
mm? (36-44 ker, per mm?) [24.76 
CAN Spr neta Lag 2 


cris iistaey eps 2a 
i to: ys 


constructional use. 


Teusile strength : 50-62 kgr. per mm2 pera > 
to 39.37 English tons per square inch); f 
thickness greater than 18 mm. (45/64 inch) = 
to 64 kgr. per mm? (40.63 English tons per 
square inch). 

Elongation : 20 %. 

Cold bend : 2d up to 18 mm. (45/64 inch) 
and 3d above 18 mm. 

.The strength under shock of the silicon steel 
is about the same as that of ordinary mild 
steel (St 37); it is less readily welded owing F 
to the high silicon content. Upsetting tests _ 
have also been satisfactory (one-third of the 
length). : 

The modulus of elasticity E is oy same for : 
silicon steel as for the St 37 and St 48 steels. 

The use of parts in silicon steel in building | 
requires greater precautions than with ordin- 
ary mild steel; rivets should be driven wae 
suitable ian peritaranteree ca 
= crn che BE rlue 
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Tests made are all in favour of an extended 
use of this steel. 

Silicon steel also offers advantages in ship 
building by the reduction of the dead weight 
carried, 

In railway work the State Railways have 
also considered its application in the construc- 
tion of high capacity wagons. It will prob- 


[ 628 .245 (.485) ] 


ovo — 


ably be possible to reduce the tare weight of 
60-ton capacity wagons to 19 or 20 tons. 

The German Steel Trade foresees that in the 
future there will be only two steels used for 


constructional purposes, namely, the ordinary 


mild St 37 steel for small spans and St. Si 
steel for large and moderate spans. 
Reg 


2. — Railway wagons with collapsible roofs, Swedish State Railways, 
By A. PAULSON, 


SUPERINTENDENT OF THE SWEDISH STATE RAILWAYS, 


Figs. 1 and 2, p. 8&6. 


(The Rathveay Gazette.) 


The cost of railway transport includes many 
factors, of which the capital invested in the 
rolling-stock is important. Suitably designed 
rolling-stock, which can be used for various 
classes of goods and so avoid empty haulage 
as much as possible, yields better interest than 
unsuitably designed rolling-stock. 

The generally good - economical conditions 
which prevailed at the end of the last, and the 
beginning, of the present century, may in their 
way have contributed to the fact that the roH- 
ing-stock of the railways has become rather 
heterogeneously composed. Besides certain 
indispensable special models such as ore trucks, 
refrigerated and heated vans, the last of which, 
as regards the Swedish. State Railways, 
amount to only 2 1/2 % of the whole stock, 
there were built several classes of open and 
covered trucks, each designed for a “certain 
kind of traffic. : 

As many of these vehicles were not suitable 
for other classes of traffic a considerable 
amount of empty mileage was necessary and, 
as in other countries, it became apparent that 
the standardisation of the wagon stock would 
be beneficial in many directions. The Swedish 
State Railways have for some time been en- 
gaged on a programme of standardizing the 
rolling-stock. It was found after investiga- 
tion that lime could quite safely be transport- 
‘ed in trucks used also for other traffic, and 


special lime trucks have practically been aban- 
doned, a fact that has eliminated a good deal 
of empty mileage. Low-sided wooden and 
timber trucks have also. been abolished, the 
aim being gradually to reach one type of co- 
vered and one type of open truck with plate 
flaps. As a result of their efforts the State 
Railways now have only nine types of open 
and covered trucks, and it is hoped that this 
number will soon-be reduced considerably.- 

A difficulty in the way of realising a com- 
pletely rational programme of standardisation 
exists in the different characteristics of open 
and covered vehicles, and efforts have been di- 
rected to the development of a covered vehicle 
so constructed that it could be loaded also as 
an open wagon, thus combining in one the 
best qualities of both types of vehicles. The 
problem has now been solved in Sweden by 
the provision of a wagon with a collapsible 
roof, similar to that illustrated, and the Rail- 
way Board have fitted 15 vehicles with such 
roofs in order to give the invention a thorough 
trial. The inventor is the Chief Engineer, 
Jonas Jonsson, of Vansbro, Sweden. The roof 
is longitudinally divided and both parts are 
collapsible. It consists of two shutters work- 
ed by two arms which are fixed to a common 
axle at both ends of the truck. The shutters 
are movable outwards and are manipulated by 
a handle which, through a suitable reduction 
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le loading. 


y for sic 


ith roof in closed position read 


.2.— Wagon w 


Vig 


Fig. 1. — Wagon with roof partly open for top loading. 


gearing by means of a worm wheel, operates ¢ 
system of cog+ywvheels, which turn an axle, si- 
tuated immediately under the roof along the 
vehicle and lying on the bearings both at the 
ends and at two points at about one-third of 
the length. On the axle are two cog-wheels, 
one at each end, which gear into a toothed seg- 
ment situated on the down side of the roof. 
Both the lowering and raising are easily done 
by one person and take only two minutes. An 
angle-iron which automatically falls over the 
joint between the shutters effectively keeps 
out water. During the year experiments have 
proceeded neither rain nor snow has penetrat- 
ed into the trucks. On the sides roomy doors 
have been attached for the loading of piece- 
goods, etc., and on the end walls diagonally 
placed wickets have been arranged for the 
loading of wood-goods, pipes, ete. 

Without touching further upon the econom- 
ical importance of the introduction of this 
type of vehicle into the railways, I will only 
mention~that if the invention fulfils its pro- 
mise, the rolling-stock ef the Swedish State 
Railways can be reduced considerably, with 
its present traffic capacity maintained. The 
savings which thus could be made annually, 
amount to considerable sums. But not only 
the working expenses of railways can be saved 
in this way. The consignors and consignees 
would also obtain direct and indirect advant- 
age by the use of this type of truck. 

The trucks can be loaded and unloaded with 
the aid of cranes, e. g., piece-goods, corn; flour, 
cement, wood-pulp, ete., can he taken from the 
hold of a ship hy means of a crane on the 
quay or its own winch directly into the truck, 
or vice versa, and all this with a minimum of 
manual work, Planed wood can, irrespective 
of its length, be loaded into a covered truck 


through the wickets at the ends. Thus con- 


siderable damage, which is often caused to 
such wood through water or through the shift- 
ing of the load on an open truck, will be eli- 
minated, 


Sheets will become practically superfluous. 
a direct advantage both to the railway and to 
the consignors and consignees. 


The first fifteen trucks have travelled 


a eee 


7759 km. (60746 miles) loaded, against 
17 452 km. (10844 miles) empty, the empty 


[ 624 159.8 (45) & GOL 455.1 (.43) | 


running thus being 15 % of the total 


115211 km. (71590 miles) so far covered. 


3. — Pulverized coal burning locomotive built in Germany, 


By Dr. Atrrep GRADENWITZ. 


Figs, 3 and 4, pp. 887 to S39. 


(From the Ruilw y Age.) 


In 1924 the Allgemeine Elektricitats Gesell- 
schaft (A. E. G.), Hennigsdorf, Berlin, Ger- 
many, started developing a pulverized coal 
firebox for Jocomotives. A standard freight 
locomotive boiler was removed from a locomo- 


tive operated by the German State Railways 
and installed in a shed located over a working 
pit. By the fall of 1926, this boiler had given 
such satisfactory service that the A. E. G. pro- 


ceeded with the design of a pulverized coal 
burning locomotive. This locomotive was com- 
pleted the first part of 1927 and placed in ex- 
perimental freight service in the latter part 
of July of that year. Since that time the loco- 
motive has been handling freight trains on the 
main line of the German State Railways be- 
tween the two points, Berlin and Fuerstenherg, 
a suburb of Mecklenburg. 


- Fig. 3. — Pulverized coal burning locomotive built by the « Allgemeine Electricitats Gesellschaft », Berlin. 


As shown in one of the ‘illustrations, this 
locomotive has the same external appearance 
as an ordinary locomotive with the exception 
of the tender, which is rather curiously shaped. 
The pulverized fuel is in a totally enclosed 


_ cylindrical horizontal—container, and is me- 


chanically conveyed to the firebox. The pul- 
“verized coal burns without smoke and with a 
total absence of sparks and, it is claimed, gives 
higher working efficiency than-with ordinary 
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Fig. 4. 


Hrecting, plan and cross sections of the A. HK. G. pulverized coal burning locomotive. 
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grate firing. Poor quality fuel, such as small 
and waste coal, lignite, peat, etc., can be suc- 
cessfully employed for pulverized coal-fired 
locomotives, and should effect considerable 
economies in service. 

To ensure perfect combustion of all combus- 
tible matter, the flame of pulverized coal fur- 
naces should bé so controlled as to have the 
sombustion process finished before the flame 
comes in contact with colder portions of the 
boiler. When this is not accomplished, any 
imperfectly burnt particles are separated in 
the form of coke. 

Furthermore, in order to prevent t 


a 


1e liquid 
ash particles from clinging to the brick arch 
and tubes, these particles should be cooled as 
rapidly as possible. Pulverized coal furnaces, 
in order to comply with these conditions should 
have ample heating surface while the time of 
combustion should be from one to three sec- 
onds. 

On account of the limited space available, the 
instaJlation of pulverized coal furnaces in loco- 
motive boilers, meets with particular difficul- 
ties. The firebox with its water-cooled walls, 
which, in Europe, mostly consist of copper, 
will absorb a considerable amount of heat by 
radiation. This is in turn transferred to the 
boiler water, 

This heat, however, is withdrawn from the 
flame during combustion. In fact, the possi- 
bilities of pulverized coal-fired locomotives 
have not, as a rule, been considered very hope- 
fully. Locomotives of this type that have been 
built during the last ten years in the United 
States and Sweden, do not seem to have given 
satisfaction, no new units having been added 
during the past few years. 

The efficiency of the boilers in the A. E. G. 
tests was raised from an initial figure of 67 % 
until a figure of 74.5 % was eventually reach- 
ed. At the same time, the evaporation was 
raised to 14.32 lb. per square foot per hour. 
Difficulties connected with combustion and the 
production of slag were overcome by choosing 
convenient nozzles which subdivide the pul- 
verized coal. Especially satisfactory results 
were obtained in connection with pulverized 
lignite, to the use of which the German State 
Railways attached considerable importance. 
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The tender and conveying system. 


The pulverized coal tender has a bunker 
space of 424 cubic feet which accommodates a 
little over 5.9 tons of lignite. The bunker has 
3 the shape of a cylinder about, 6.5 feet in diam- 
= eter and 13 feet in length. The two conveying 
screws, supplying the pulverized coal to the 


locomotive nozzles, will handle a maximum of 


140 revolutions *per minute, the amount of pul- 
verized coal actually supplied being controlled 

by regulating the number of revolutions of 

the conveying screws. A blower supplying the 
primary air is driven by a simple steam tur- 
bine, its output being 7 H. P. as a maximum. 
This turbine had to be adopted on account of 

the very high speed required by the blower 
which operates up to 4500 revolutions per 
minute, A small reciprocating steam engine, 

is used to drive the slowly rotating conveying | 
screws. At a pressure of 22.4 lb. per square 
inch this.engine consumes 66 to 110 Ib: of 

é steam per font A small auxiliary burner at, 
= the rear wall of the ash pan serves as an igniter 
ee : while the locomotive is standing or drifting, 
; and is intended to make up for the radiation 
Re losses of the boiler and supplying steam for 
ieee the air compressor so that the main furnace 
a need not be operated for these auxiliaries. | 
The auxiliary burner derives its air from a 
“ small blower driven by .the- steam engine on 
eo. the tender. | The surplus weight | of, the pul- | 

; _-verized coal tender, as compared with a stan 
= aed locomotive tender, is about 4 tons. ay: 


I d pulve rized sane mixture which ie 
inebox « 


nce, iz. the ° secondary 


ordinary» ig 


4629.7 Ib. per hour at a maximum rate of 


meal OY : 
"3% ars 


The combustion chamber proper is surrounded 
with fire brick, with the arch above and the 
ash pan below, there being a possibility of heat 
radiation only on the side walls of the fire- 
box. The hot gases at the end of the long arch 
are deflected upwards at a very high speed 
which causes the slag particles to be granulat- 
ed on the crown sheet of the firebox, so that 
no slag clings to the ends of the tubes. 


»At the present time the A. E. G. has two 
pulverized coal locomotives of this design in 
operation which have, after a few trial runs 
at no load, been used for hauling freight trains 
on regular schedules over the Pankow-Heiners- 
dorf - Loewenberg - Fuerstenberg - Mecklenburg- 
Strelitz line. A standard locomotive has al- 
ways been included in the ‘train to meet any 
emergency but no occasion when it has had to 
be used has ever arisen, The pulverized coal 
locomotive has freqitently - pulled trains of - 
1 300 tons, in addition to hauling the standard 
locomotive of 115 tons, whereas the maximum, 
tonnage ‘allowed over the entire line is only 
1100 tons. Furthermore, the pulverized coal 
locomotive could always. better the regular 
schedule time. 4. iG i ise 


It sometimes Te Scie’ some of the | 
test runs, that-pulverized lignite and pit coal 
were stored in layers one above the 


other in 
the tender. This condition of changing from — 


one kind of fuel to spathes eae eee the ~~ 


ong 
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ed for the boiler, which can be fired more ra- 
pidly than that of grate firebox boilers. The 
simple control of the furnace in accordance 
with the actual steam consumption is parti- 
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cularly important. The time required for 
cleaning the fire is reduced to a minimum, 
while there are no fuel losses in discharging 
the slag. 


4. — 500 B. H. P. oil-electric train for the London Midland & Scottish Railway. 
Fig. 5, p. 892. 


‘From The Engineer.) 


The oil-electric train, as applied to British 
railways, would seem to offer a field. for de- 
velopment which falls between that of the al- 
ready accepted steam or oil engine driven rail 
car and the quickly aecelerated electric train, 
now so freely used for dense suburban traffic. 
With an oil-electric installation it becomes 
possible to employ a unit train of up to, say, 
175 tons, with five to six coathes. As the 
power unit is installed in a separate compart- 
ment and is entirely electrically operated, the 
train can be driven equally well from either 
end, and difficulties in terminal working are 
thereby overcome. With regard to power 
output, such equipments may be well compared 
with that of a tank engine generally associated 
with passenger traffic of the type to which 
we have made reference. The available horse- 
power of the oil-electric generator set is great- 
er than that of a tank engine at the lower 
speeds, and remains nearly constant at the 
higher speeds. In the article which follows 
we give a short description of a new 500 B.H.P. 
oil-electrie train which, after undergoing an 
official inspection by London, Midland and 
Scottish Railway officials recently, ran a suc- 
cessful trial between Manchester and Black- 
pool. This train will, we are given to under- 
stand, be shortly put into service between 
Blackpool (Central) and Lytham. 


The power unit. 


A general view of the train is reproduced in 
figure 5. It is a four-coach unit, in which 
accommodation is provided for thirty-two 
first-class and 255 third-class passengers. Its 
length over the buffers is 247 ft. 3 in. and the 
width of the coaches overall is 9 ft. 6 in., with 
a height from the rail to the floor of the coach 
of 4 ft. 1 1/2 in. Unloaded — that is, without 


passengers and luggage — the train has a total 
weight of about 144 tons. 

The oil engine driven generator set is housed 
in the first coach forward of the luggage com- 
partment. There is a length of about 22 feet 
from the forward partition of the luggage 
compartment to the front end of the coach, a 
small portion of which is partitioned off to 
form the motorman’s compartment. At the 
opposite end of the train there is a similar 
driving compartment. Duplicate fuel oil tanks, 
which contain sufficient oil for one day’s ser- 
vice, are carried. There is also a tank for the 
engine cooling water, which is placed forward 
of the right-hand fuel tank. The tank is con- 
nected to a spiral tube type of cooler, which 
is arranged on the roof of the coach. 

The engine is of an eight-cylinder unit of 
the Beardmore all-steel quick-running type, 
and was built at the oil engine works of Wil- 
liam Beardmore & Co., Ltd., Parkhead, Glas- 
gow. In general, the design is similar to that 
prepared by Mr. Alan Chorlton for the four- 
eylinder units built for the Canadian National 
Railway rail cars, described in the issues of 
The Engineer for 2 and 23 October 1925. For 
detailed features of construction, our readers: 


may be referred to the first article ahove 


named. ors 

The designed output of the unit we are at 
present considering is 500 B. H. P. at 900. revo- 
lutions per minute. Each cylinder has a bore 
of 8 1/4 inches with a stroke of 12 inches. By 
the extensive use of alloy steels it has been 
possible to produce an engine having a weight 
of only 14 1/2 Ib. per_B-H. P. 

The engine crank case is mounted on a deep 
casting of special alloy steel, which forms the 
oil sump. The underside of this casting is 
bolted to the car sills, and the main casting 


oil-electric train, 


, 


5 — 


Fig. 


General view of four-coach 500 B. H. 
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is extended to bolt up to the frame of the di- 
rect coupled electric generator. [ach cylinder 
is furnished with two inlet and two exhaust 
valves with a centrally placed airless injection 
fuel atomiser. .A primary oil pump maintains 

low pressure on the suction side of the main 
fuel pump. There are four separate plungers, 
each of which serves two cylinders by means 
of a switch valve placed between the fuel pump 
delivery valve and the atomisers. The object 
of this valve is to time the injection of the 
fuel for the two separate cylinders served by 
the single plunger, As the injection period is 
timed, the engine output is controlled by vary- 
ing the effective delivery stroke of the plunger 
by means of the earlier or later opening of a 
by-pass valve. Any surplus fuel is returned 
to the supply tank. The governor is of the 
totally enclosed type, and is so connected to 
the fuel pump controls that a small plus and 
minus speed variation is given at each of de- 
signed speeds of the engine. The engine is au- 
tomatically controlled by electrical means. 
The four solenoid bobbins at the governor end 
of the unit, which are worked from the con- 
trollers, operate differential piston valves in 
an oil circuit, and by varying the oil pressure 
the governor is set in one of four different run- 
ning positions. The engine is thus able to 
idle at 350 revolutions per minute, run at either 
600 or 750 revolutions per minute, or at the 

maximum designed speed of 900 revolutions 
per minute, and at each setting the governor 
maintains a constant speed. 

Lubrication is effected on the pressure sys- 
tem and the closed oil circuit includes a filter 
and oil cooler.. « Monitor > valyes are provid- 
ed in both the lubricating oil and cooling water 


circuits, so that in the event of a failure tak- 


ing place in either of these essential services, 
pilot lights are illuminated and give a warn- 
ing in the driver’s compartments. Arrange- 
ments are made whereby the engine can he 
stopped from either driving compartment, by 
energising a trip solenoid, which releases a 
shutter in the main air intake, and so cuts off 
the supply of air to the engine. The separate 
exhaust pipes are connected to a silencing tube 
which discharges the gases through a series of 
outlets carried through the roof of the motor 
coach. 
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The generator battery and traction motors. 


The generator and exciter, together with the 
complete controls, were supplied by the Eng- 
lish Electric Company, Ltd., and were built at 
Preston. The generator is of the direct-cur- 
rent traction type, and has a maximum design- 
ed output of 340 kw. on a one-hour rating, with 
an engine speed of 900 revolutions per minute. 
It is of the one-bearing type, and the exciter 
is overhung at the outboard end. The shunt 
winding of the generator is energised by the 
exciter or the battery according to the engine 
speed, and there is a series winding for decom- 
pounding which gives the unit. a practically 
constant output characteristic at any speed of 
the working range. There is an adjustable 
resistance in the shunt field which is not used 
by the driver, but which can he set in the 
shed to meet special load conditions. 

At engine speeds higher than 600 revolutions 
per minute the exciter is designed to function 
as an auxiliary generator. It supplies con- 
stant voltage current for battery charging and 
for auxiliary loads, such as lighting, control 
operation and driving the brake exhausters, if 
necessary. The constant voltage characteristic 
is obtained by a decompounding series wind- 
ing. The battery charging current is at a 


maximum at the 900 revolutions per minute | 


engine speed, and it diminishes with the speed 
until 600 revolutions per minute, when the 
battery floats across the exciter. There is’ an 
adjustable resistance in the shunt circuit for 
shed use. The normal designed output of the 
exciter is 7.75 kw. at 120 volts, the voltage at 
maximum engine speed being 147 volts, cor- 
responding to the voltage of the battery when 
fully charged. A 60-cell battery, supplied by 


the D. P. Battery Company, Ltd., supplies cur- 
rent at 120 volts for control operation. The 
60 D. P. K. L. 9 type cells have a 112-ampere- 
hour discharge capacity on a five-hour rating. 
As mentioned before, the battery is charged by 
the exciter and an automatic battery cut-out 
of the standard type is fitted. 

The two motors are of the London-Watford 
type, and they are mounted on the bogie at 
the trailing end of the power coach. Each 
motor is rated at 280 B. H. P. on the one-hour 
rating at 580 volts, with a gear ratio of 18 
to 60. They are connected to the generator 
in permanent patallel through a remote control 
circuit breaker. There are field tap connec- 
tions for weakening the field in two steps, and 
a remote controlled reverser which can be oper- 
ated from either driving positions determines 
the direction of the train. The main control 
gear is mounted on a framework over the 
main generator. 


Starting and running controls. 


The engine is started by operating the ge- 
nerator as a motor with battery current. 
After the battery switch is closed and current 
for general purposes is obtained, the generator 
field switch-is also closed and then the start- 
ing switch. The battery current is limited 
by a resistance, and the starting switch is held 
closed until the engine fires, There is a spring 
release which opens the switch when the atten- 
dant releases the starting handle. 

At either end of the train is the driver’s 
compartment. The driving handle on the con- 
troller can be moved into, one of seven posi- 
tions, which provide for the following sequence 
of operations: a 


No. of position. ; Description. 


4st running notch 
2nd — 

3rd — 

4th 

5th 


Operation. 


Engine idles at 350 revolutions per minute. 


Engine speeded up to 600 revolutions per minute ; 
generator shunt field circuit opened; main 
circuit breaker closed. +> 

Generator shunt field cirewit closed. 


Engine speeded up to 750 revolutions. per minute. 


Engine speeded up to 900 revolutions per minute. 
First field tap. : 
Second field tap. 
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In order to start the train the driver places 
his reverser key in the ahead — or reverse — 
position, and then moves the controller handle 
from position 1 to 2, at which he pauses a 
little while to allow the engine to speed up. 
He then moves the handle through positions 
3, 4 and 5, and again pauses while the train 
When a speed of 18 miles per 
hour has been reached the handle is placed in 
pesition 6, and position 7 corresponds to the 
normal running position with a speed of about 
26 miles per hour. For inching and shunting, 
positions 3 to.7 may be employed. To shut 
off power, the handle is brought back to the 
off position, which slows down the engine to 
idling speed and shuts off power from the mo- 
tors. The generator unit is only inspected 
when starting up in the morning and when 
shutting down after the day’s run. 


accelerates. 


A « dead man’s handle » is provided on the. 


master controller, which if released when run- 
ning, applies the brakes and cuts off the power 
to the motors, at the same time reducing the 
engine to idling speed. The main and revers- 
ing cylinders on the master controllers are me- 
chanically interlocked, so that the controller 
cylinder cannot be moved unless the reversing 
cylinder has been placed either in the ahead 
or reverse position. Only one reverser key is 


supplied for the train. There are the usual 
driving accessories provided, such as a screen 
Wiper, a horn-operating handle and the press- 
ure gauges for the brake system. 


Rolling stock. 


The stock was originally built for the Bury- 
Holleombe-Brook high-tension direct-current 
Two third-class motor 
coaches of this stock, together with two third- 


railway installation. 


class trailer cars, have been reconditioned and 
modified at the London, Midland & Scottish 
Railway carriage and wagon works, Derby, to 
meet the new requirements. In the leading 
coach there are fifty third-class seats non- 
smoking, and in the second coach eighty-five 
seats third-class smoking. The third coach has 
twelve first-class non-smoking and twenty 
first-class smoking seats, together with a fur- 
ther forty-five third-class non-smoking seats, 
while in the fourth or driving trailer coach 
there are seventy-five third-class smoking 
seats. Luggage compartments are provided in 
the two driving coaches, and the train is equip- 
ped with automatically operated collapsible 
folding steps, which are operated from the 
brake exhauster system. 
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5. — Association of Electrical Engineers 
graduates of the Montefiore Electrotechnical Institute, rue Saint-Gilles, 31, at Liége. 


Foundation of the George Montefiore triennial prize. 


REGULATIONS. 


ArticLe I. — A prize provided by the acen- 
mulated interest froma capital of 150 000 francs 
invested in Belgian 3 % Rentes, ig awarded 
every three years, as the result of an interna- 


tional competition, for the best original work 


presented on the scientific advancement in, and 
on the progress in technical applications of 


electricity in all fields, excluding popular 
works or simple compilations. aoe ee 


ArticLe II, — The prize shall be known as 
the George Montefiore Foundation. 


ARTICLE III. — Only works presented during 
the three years preceding the meeting of the 
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Jury shall be eligible. They should be written 
in French or in English, and be either printed 
or in manuscript. The articles should, how- 
ever, be typewritten, and in all cases, the jury 
is at liberty to print them. 


ARTICLE IV. — The jury consists of ten 
Electrical Engineers, five Belgians and five 
foreigners, under the chairmanship of the Pro- 
fessor-Director of the Montefiore Electrotech- 
nical Institute, who is de facto one of the 
Belgian delegates. 

Save the exceptions stipulated by the found- 
er, the latter can only be chosen from amongst 
the holders of the diploma of the Montefiore 
Electrotechnical Institute. 


ArticLE V. — By a majority of four-fifths 
in each of the two sections, foreigners and Bel- 
gians (who ought for this object to vote se- 
parately) the prize can be divided in excep- 
tional cases. ; 

By the same majority, the jury can awaid 
a sum not exceeding one-third of the money 
available for a new invention, to a person not 


having taken part in the competition, or to a 


work which, whilst not altogether coming 
within the limits of the programme, reveals a 
new idea which may lead to important deve- 
lopments in the electrical field. 


Articte VI. — In the event of the prize not 
being awarded, or if the Jury only grants 
part of the money as a prize, the whole of 
the moneys so made available shall be added 
to the prize for the following triennial period. 


ARTICLE VII, — The typewritten articles 
can either be signed or anonymous. “Any 
work will be considered as anonymous which 
is not legibly signed by the author, together 
with his full address. 

Anonymous articles should be marked out- 
side with a private mark, repeated inside a 


sealed envelope attached to the package : in- 
side this envelope the name, Chistian name, 
Signature and address of the author are to be 
legibly written. 


ZURICH Vlei eal] articles, whether 
printed or typewritten, twelve copies are to be 
sent. They are to be sent post pre-paid ad- 
dressed to: M. le Secrétaire-archiviste de la 
Fondation George Montefiore, 31, rue Saint- 
Gilles, Liége (Belgique). 

The Secretary will acknowledge receipt of 
the papers to the authors or to the senders 
giving their addresses, 


AxticLe IX. — The articles the Jury decides 
to print are published in the Bulletin de V’As- 
sociation des Ingénieurs électriciens sortis de 
VInstitut électrotechnique Montefiore. This 
publication will not entail, as regards the au- 
thors of the papers, any cost, nor will it 
give them the right to any profit whatever. 
They will, however, be given twenty-five copies 
free of charge. 

For the purposes of this publication, the 
English texts may be translated into French 
by the Association. 


1929 Competition. 


The value of the prize to be granted is 
twenty-nine thousand frances. 

The latest date for the receipt of papers to 
be submitted to the Jury is the 30 April 1929. 

The papers sent in are to be legibly headed : 
« Paper submitted for the George Montefiore 


_ Competition, 1927-1929 period ». 


On behalf of the Administrative Council 
of the « Association des Ingénieurs élcctriciens sortis 
de I’Institut électrotechnique Montefiore mi 


L. CALMEAU, Omer DE BAST, 
General Secretary. President. 
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FRANK Percy Jounson PATENALL, 


Signal Engineer of the Baltimore and Ohio Railroad : 


Reporter at the London Session (1925) of the International Railway Congress Association. 


We heard with much regret of the death 
of Mr. F. P. J. Patenall who filled with dis- 
tinction the duties of reporter on the 
question of the « Despatching System » 
at the session of the International Rail- 
way Congress Association, held in Lon- 
don in 1925. 

Mr. Patenall was born at Higham 
Ferrers, England, the 28 August 1864. 

Whilst still young he revealed a bent 


for signalling work and became a much 


appreciated authority thereon. 

He entered the service of the Lan- 
cashire and Yorkshire Railway in 1881. 
After two years in that Company’s si- 
gnalling department, he joined Messrs. 
Stevens and Son, Signal Manufacturers. 
In 1885 he went to America and joined 
the Union Switch and Signal Company 
with whom he remained until 1888. He 


then went to the Baltimore and Ohio 
Railway where from foreman he rose to 
be Signal Engineer. 

He introduced many innoyations into 
American signalling practice. The up- 
per quadrant signal he patented jointly 
with Mr. L. F. Loree in 1903 has become 
the pattern in general use in the U. S. A 


and_ his colour-position-light signal has 


lately been introduced on a large mileage 


of the Baltimore and Ohio. 

Mr. Patenall was also the first to make 
use of electric signal lights normally kept 
dead, to be lighted by each approaching 
train. He was a prominent figure in the 
American Railway Association. 

In the name of the Permanent Com- 
mission we have sent an expression of 
sympathy to the Baltimore and Ohio Rail- 
road. 


The Executive Committee. 
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PACORET (Erienng), Engineer (Arts et Manufactures), Laureate of learned and industrial Insti- 


tutions. — 


Traité théorique et pratique des distributions et canalisations d’électricité, d’eau, de 


vapeur et de gaz (Theoretical and practical treatise on the distribution of electricity, water, steam 
and gas). — Volume I: Installation and distribution of electricity supply. One volume in 8vo 
(10 x 6 1/2 inches), 337 pages and 13] figures. — Volume I: Installation and distribution of 
water, steam and gas. Onevolume in 8vo (10 x6 1/2 inches), 426 pages, with tables and numerous 
figures. — 1927, Paris (5°), 40, rue Saint-Jacques, and Dourdan (S.-et-O.), avenue de Paris, 
H. Vial, Publisher. — Price of each volume : 40 frances. 


In modern industry, energy in various 
forms has to be carried distances, some- 
times very short and at others very great. 
The needs of civilisation also necessitate 
the distribution of energy to numerous 
consumers. No factory or workshop can 
do without a number of distribution sys- 
tems, such as of electricity, gas, water, 
or compressed air. The installation of 
mains has to conform with certain re- 
gulations in order to obtain a satisfactory 
degree of safety and economy in oper- 
ation. 
necessitates the employment of a great 
variety of materials with measuring and 
safety devices, which will naturally de- 
pend on the way the energy is transmit- 
ted. On the other hand, it is useful to 
know the method of production and the 
characteristics both of the power plants 
and the plants consuming the power. 
The engineer will find some very inter- 
esting information on all these questions 
in this book by Mr. Pacoret. 

The first volume is entirely given up to 
electric feeder and distribution mains. 
It deals with the fundamental theories of 
electrical current, with its supply, both 

direct and alternating, and also with the 
plants making use of the supply, such as 
motors and transformers. The principal 
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The installation of these mains- 


part deals with various mains (power 
and light), calculation and proof thereof, 
and measuring and controlling instru- 
ments. 

The second volume deals with water, 
steam and gas mains; it also gives a few 
notes on hydraulics, with a brief descrip- 
tion of the method of collecting drinking 
water and its purification, the descrip- 
tion and calculation of the mains, the 
layout of a typical town supply, and a 
chapter on heating and ventilation. 

The author has treated the subject of 
steam plants and gas supplies, and the 
various ways in which these forms of 
energy may be used, in the way in which 
he dealt with electricity. The great 
amount of practical information on the 
dimensions to adopt, comparative prices, 
regulations (although they are French 
they will be of interest), will no doubt 
be appreciated by engineers who have 
to get out industrial installations. 

These volumes, whilst containing the 
necessary theoretical formule, set out in 
a logical manner data which it is often 
difficult to lay hands on when needed, 
owing to its being distributed amongst 
many text books and manuals. 


E. M. 
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CENTRAL ADMINISTRATION OF THE GERMAN STATE RAILWAY COMPANY. — Reichs- 


babn-Handbuch 1927 (Handbook of the State Railways, 1927)..— One volume ia-quarto (8 1/4 . 
x 5 3/4 inches), containing 700 pages and 32 maps. — Berlin, W. 8, Verlag der Verkehrswis- ! 
senschaftlichen Lehrmittelgesellschaft m. b H, bei der Deutschen Reichsbahn. — Price : 16.50 3 


Reichsmark, paper cover. 


This book is the result of the collabo- 
ration of a certain number of officials, 
chosen from the Headquarters Adminis- 
trative Staff. ? 

It is a complete descriptioh of the Ger- 
man Railway system, and is divided into 
five parts. 


The first part, which is the most im- 


portant, deals with the organisation of 
the German State- Raiiways’. After an 
introduction on the constitution of the 
German State Railway Company, there 
follows, first of all, the composition of 
the Administrative Council and of the 
Management Committee, then the various 
_ divisions of the Headquarters Adminis- 
tration and the Central Office of the — 
Railways, together with et essential — 
duties. Next come tthe special directo- 
rates, the divisional directorates with 
the sub-divisions and the working lines. 
Further on, come chapters on : 


- Organisation of workshops; 2 “3 <i 
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and on institutions arising out of inter- a 
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Technical tests ans research Depa $ 
ment; +> 2 
Traffic Department; “ 
Rates Deparines — 


The second pant aivees some details on 
the various consultative organisations 


national railway traffic. 

The third part is entirely given up to. 
statistics and contains twenty-seven sub- 
divisions, amongst which we may oa 
attention to those dealing with fixate 
plant, rolling stock, ae and ‘traf 
fic. 
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inland waterways. 
“The fifth part is entitled « } 
ous > and —_ nae 1 


